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FOREWORD 



Two-thirds of Americans believe that science will improve their future 
and three-fourths indicate they enjoy learning science. Scientific literacy in 
this country, however, is at its lowest ebb since reaching a peak in the Sput- 
nik era. The nation is currently undergoing a science and engineering reform 
with massive influx of public and private monies to counter this educational 
void. The goal is to attain preeminence in scientific literacy by the year 2000, 
perhaps a little presumptuous and unattainable given the timeframe. It is 
within thie backdrop, however, that the relevance of soil science education 
takes on n*w meaning. Understanding the near-surface Earth properties, 
processes, and functionality is essential to global habitat sustainability. Soil 
science provides the educational framework to integrate components of earth- 
science systems, to understand the causes and consequences of spatial varia- 
bility, and view dynamic processes impacting ecosystems in a holistic per- 
spective. The future of our discipilne is heavily dependcent on our ability 
as educators and scientists to effectivley communicate this message. Our clien- 
tele are diverse. They represent multiple occupations, backgrounds, value 
judgements, interests, and experiences. Their understanding of soil and land 
resources may be limited. This special publication examines these issues, 
challenges, and opportunities for new trends in educational environments 
under new soil science paradigms. The Soil Science Society of America is 
committed to enhancing the outreach of earth-science education through de- 
velopment of resource learning materials and teacher mentor programs in 
conjunciton with the American Geological Institute textbook initiatives. We 
commend the authors of this text and the organizing committee for their ef- 
forts to bring this special publication to fruition in such a timely manner. 
It is a significant new contribution to the arsenal of earth-science education- 
al materials. 



LARRY P. WILDING, President 
Soil Science Society of Agronomy 
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PREFACE 



Traditionally, the '^clients'' of soil science education have belonged to 
three groups: undergraduate students, graduate students, and those clients 
reached through extension activities. In all three cases, the preferred mode 
of transmission of knowledge has usually been via formal lectures in class- 
room settings. Realizing the importance of the task before them, soil science 
educators have over the years paid significant attention to teaching in all of 
its multiple facets. In November 1969, for example, the Soil Science Society 
of America held a symposium devoted entirely to graduate instruction. Dur- 
ing this symposium (and in its proceedings, published in 1970 as ASA Spe- 
cial Publication No. 17), prominent scientists were invited to analyze in detail 
the teaching needs and the knowledge-transmission methodologies used in 
the various subdisciplines of soil science (soil physics, soil chemistry, etc.). 

Since the late sixties, numerous articles dealing with the teaching of soil 
science courses have appeared in, e.g.. the Journal of Agronomic Education 
(to become the Journal of Nati ral Resources and Life Sciences Education), 
and the Agricultural Education Magazine. 

Even though the visual aids (videofilms and multimedia technologies) 
available to instructors are currently evolving at a phenomenal pace, much 
of this existmg literature on the teaching of soil science courses remains emi- 
nently relevant and useful. Therefore, when in early 1992 the SSSA Com- 
mittee S571 (^^Training of Soil Scientists'*) decided that the time was ripe 
to devote another symposium to soil science education and planned it for 
the fall 1992 annual meetings, it was agreed that this symposium should try 
to explore new facets of the field, to map out new territory, and not simply 
rehash information on what to teach and how to make lectures lively and 
appealing. 

A number of directions that this symposium should explore seemed clear- 
ly dict-ited by recent trends and events. The need for a shift of emphasis from 
agricu. iral to environmental soils-related issues, brought about in part by 
the pronounced decline of farming in North America and Europe in the last 
two decades, mandates drastic changes in the soil science curriculum. The 
rapid pace of technological advances and the imminence of * information 
superhighways'' challenge the need for and the usefulness of an extension 
service in its current form. Furthermore, universities must prepare their stu- 
dents for a life of continuous learning. 

Aside from these societal changes, the university environment in which 
soil science educators have traditionally operated has also evolved signifi- 
cantly in the last two decades. The student body has become more and more 
diverse in terms of age and gender, while at the same time more foreign stu- 
dents arc attending U.S. and Canadian universities than ever before. The 
areas of interest and training of the students and their career objectives also 
have evolved. All of these trends have combined to modify the conditions 
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conditions under which soil science educators have to approach the advising 
of undergraduate or graduate students. 

These and other current challenges facing soil science education are ana- 
lyzed in detail in the various chapters of the present SSSA Special Publica- 
tion. These chapters have been purposely left heterogeneous in style and depth 
of coverage; some contributors have chosen to briefly relate their personal 
experience in a journalistic style, while others carried out detailed surveys 
or extensive literature reviews, in all cases, the authors benefitted greatly from 
the careful and thoughtful comments of anonyn.ous reviewers. 

May 1993 
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1 Introducing Soil Science into the 
K-12 Curriculum 



Terence H. Cooper, John W. Schultz, 
und Marion K. Barton 

University of Minnesota 
St. Paul, Minnesota 



ABSTRACT 

A survey of 129 teachers during the spring of 1992 was conducted to determine 
their usage of soil science concepts. Teachers represented both urban and rural school 
districts and grades K-12. The experience of the teachers surveyed averaged 20 yr. 
In the survey teachers indicated that they were not using soil science concepts be- 
cause they were not part of the curriculum. The greatest percentage of teachers using 
soils concepts were the rural K-6 teachers and the urban 7-9 teachers. In order to 
increase the number of teachers using soil science concepts, the concepts must be 
included in the curriculum and teachers must be trained. The American Association 
for the Advancement of Sciences Project 2061 has outlined agricultural concepts that 
high school graduates need to know. Many of these topics are soils related and the 
opportunity for incorporating them into curricula is now. 



INTRODUCING SOIL SCIENCE INTO THE K-12 
CURRICULUM 

The number of students studying soil science in Agricultural Colleges declined 
during the 1980s along with the total agriculture enrollment; however, re- 
cent trends (Litzenberg et al., 1991) indicate increases in enrollment in agricul- 
ture have not included the traditional soil science major. In order to increase 
the interest of students to study soil science in college it has been suggested 
that scientists assist in developing K-12 curricula that deal with soils (Barnes, 
1987). Our purpose is to report on a study to determine the current extent 
of the usage of soil science concepts by a sample of Minnesota's elementary 
and secondary schools and determine ways that more of these concepts can 
be included into K-12 curricula. 

SURVEY OF K-12 TEACHERS 

A survey was mailed in 1992 to 45 schools (22 rural and 23 urban) selected 
at random to represent both the urban and rural population of Minnesota. 

Copyright 1994 Soil Science Society of America, 677 S. Segoe Rd.» Madison, WI 53711, 
USA. So/7 Srience Education: Philosophy and Perspectives. SSSA Special Publication no. 37. 
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INTRODUCING SOIL SCIENCE INTO THE K-12 CURRICULUM 3 

Copies of the survey form (Fig. 1-1) were sent to the science or social science 
curriculum coordinator. Coordinators were asked to pass the survey forms 
on to the teachers. Coordinators collected the completed forms and returned 
them in the envelope provided. Eighteen schools returned the forms (6 ur- 
ban and 12 rural) for a total of 129 teachers responding (63 rural and 66 
urban). Urban schools included five in the Twin Cities and one in Rochester. 
Rural schools included three from the forested, northern region and nine 
from the more agricultural, southern region of the state. 

The teachers responding to the survey were experienced (Table 1-1) and 
were evenly divided among grades and subjects with the exception of the 10-12 
science teachers in which only 14 responded. 

The responses for the K-6 teachers for the question about the type of 
soil concepts used were similar for rural and urban teachers. The topic most 
often used was soil erosion. The main reason that soil concepts were not used 
was because they were not perceived to be part of the curriculum. 

For Grades 7-9 teachers the responses were varied for the concepts used 
with the rural teachers using more agricultural related terms (fertilizer, lime, 
or soil pH) and the urban teachers using more environmentally related terms 
(water contamination or soil development). The main reasons for not using 
soils concepts was again the comment that they were not part of the curricu- 
lum and the lack of suitable classroom exercises. Even if teachers are interest- 
ed in presenting a concept, if that concept is not a part of the current 
curriculum as determined by their school district, they most likely will omit 
it in favor of those that are in the curriculum. 

The high school teachers used a number of soil concepts (N fixation or 
soil pH), with some differences indicated between the urban and rural groups 
(rural used fertilizer concepts). The main reasons for not using soil concepts 
were listed as time constraints and lack of suitable, prepared materials. 



Table 1-1. Experience, subject matter and grades taught for teachers responding to soil 
science survey. . _ 



Grades 
taught 



K-6 
7-9 



7-9 
10-12 

10-12 



Subject area 



Social science and sciences 
Social sciences {world history, 

geography, U.S. history, 

civics, or social science 
Sciences (physical and earth 

science! 
Social science (american. 

world and local history, and 

economics) 
Sciences (physics, biology, and 

chemistry) 



no. 

34 

31 



28 
22 

14 



Years teaching 



Teachers Mean 



16.9 
20.5 



19.7 
20.1 

21.5 



Standard 

deviation Range 



no. 

10.9 
9.4 



10.0 
8.5 

10.8 



1-35 
1-32 



2-33 
2-30 

2-35 
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Table 1-2. Percentage of respondents using soils concepts: 129 te achers from 18 schools. 
Using soils concepts Total teachers 



K-6 Rural 
Urban 

7-9 Rural 
Urban 

10-12 Rural 
Urban 



Overall the greatest percentage of teachers using soils concepts were the 
rural K-6 teachers (Table 1-2) and the urban 7-9 teachers. It is noted that 
30^0 of the social science teachers used soils concepts. 

In summary, the main reasons for not using soils concepts were: (i) not 
part of the curriculum (grades 7-9, or 12-12), (ii) lack of current materi- 
als for classroom use (grades 7-9 and 10-12), (iii) lack of formal soils train- 
ing (grades 7-9 and 10-12), (iv) not part of the textbook (grades 7-9), and 
(v) time constraints (grades 10-12). 



% 

41 
15 
14 
30 
11 
14 



no. 
34 
59 
36 



PROJECT 2061 

The American Association for the Advancement of Science has been 
involved in a project to improve science education in the schools (Bugliarel- 
lo, 1989; Clark, 1989). Phase 1 of this project outlined agricultural concepts 
that high school graduates will need to know. Development of these con- 
cepts were performed by two panels: (i) physical and information sciences 
and engineering and (ii) biological and health sciences. Topics related to soils 
are included in the materials being developed and are currently being tested 
in selected schools. Examples of these include: 

Physical Sciences 

the surface processes of the earth such as erosion, deposition, element 
cycles as well as the nature, distribution, creation, and destruction 
of soils; 

uses, availability, economics, politics, and dependence of society upon 
natural resources (soils). 

Environmental Biology 

shaping of ecosystems, as it relates to soil nutrients and climate which 
determine the distribution and productivity of plants; 

in general, the total productivity of natural systems almost always ex- 
ceeds the productivity of agricultural systems. 
Human Ecology 

ecosystems will draw upon reserves of energy when available energy is 
insufficient, thereby depicting them, and at the same time unrecy- 
cled matter accumulates as pollutants; 
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American agriculture as a nonsustainable system that can be ameliorat- 
ed by no-tillage farming; 

failure to recycle causes additions of fertilizers that contaminate water 
supplies. 

Soil scientists need to assist K-12 teachers to further refine how soil 
science concepts will be presented, especially if the concepts are controver- 
sial. Scientists also need to assist teachers in the development of materials 
that can be used in the classroom and encouraging them to add concepts 
into their curriculum. 

NATIONAL SCIENCE TEACHERS ASSOCIATION 

Dr. Gene Gennaro (1992, personal communication. College of Educa- 
tion, Univ. of Minnesota) has indicated that the Natic \\ Science Teachers 
Association (NSTA) has a commitment to science-te • Mogy-society (STS) 
issues by developing a curriculum called The Water Planet, There is a need 
for soil topics and NSTA would be supportive of efforts to develop them. 
Dr. Gennaro also indicated that many of the earth science textbooks stress 
oceanography, but that for many of the interior states the study of soil science 
would be much more fitting. Textbooks often dictate what is to be taught, 
as was indicated by many teachers in our survey. 

The recommendations that we have determined from our survey and 
interviews are centered around the development of curriculum and teacher 
training. Because many of the teachers in our survey have 10 yr or less be- 
fore retirement, the opportunity to have more of our future teachers appreci- 
ate the use of soils concepts is there. This could be accomplished by having 
a soils course become one of the science electives in K-12 teacher curriculum. 

RECOMMENDATIONS 

1. Determine the procedures necessary to have soils concepts incorporat- 
ed into K-12 curriculums: 

a. Invite teachers to ASA conferences and university departments to 
better acquaint them with the science of soils and to have dia- 
logue with the scientists doing the science. 

b. Become acquainted with state and national curriculum develop- 
ment committees and with state department of educations that 
have a record of what is being taught in their schools. 

c. Become familiar with science teacher organizations like the 
NSTA, which will have affiliated state chapters. These organiza- 
tions will have monthly or annual meetings for sharing activities 
and presentations by scientists and teachers. 

d. Visit with curriculum coordinators in local school districts who 
are often trying to find inscrvice ideas as well as new technology 
that can he taught in the classroom. 

e. Visit with individual teachers in local schools. 
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2. Develop and make available classroom activities, both hands-on and 
minds-on, that require small amounts of teacher preparation time. 
Teachers are looking for real life objects and demonstrations that are 
visible and exciting to their students. Publication of these activities 
can occur in science teacher professional journals like The Science 
Teacher, which is a NSTA journal. Their manuscript guidelines (Tex- 
ley, 1992) are published monthly. They are interested in your first- 
hand experience that stress classroom applicability. 

3. Provide introductory soils course work for both graduate and under- 
graduate credit for teachers. The graduate credit is especially impor- 
tant for teachers currently employed and will require offerings at 
night or during the summer. Introductory soils courses will provide 
the necessary information so that teachers can design their own soils 
activities for their classrooms. 

4. Provide informal training for teachers. Activities could include field 
trips, inservice workshops, opportunities to work with scientists on 
research, and assisting their students with ideas for science fairs. 

Increasing the flow of soils information from university soils programs 
to K-12 teachers will increase the amount of soils information currently be- 
ing offered in our elementary and secondary schools. The long term effect 
of this should increase the number of college students wanting to learn more 
about soil science, regardless of the major they are studying in college. 
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ABSTRACT 

Evaluation of course requirements, including core curricula, for all academic 
options is a continuous process at all institutions of higher learning. My objectives 
are to investigate the current status of course requirements in the soil science dis- 
cipline at various institutions, to discuss the need for core curricula for various op- 
tions in soil science, and to speculate on the background soil scientists will need in 
the future. Fifty-seven North American institutions that offer some type of 4-yr soil 
science option responded to an informational request by Soil Science Society of Ameri- 
ca (SSSA) Committee S571 (Training of Soil Scientists). The options available were 
placed in four categories; the distribution of the 78 curricular alternatives were: 10 
in environmental soil science, 16 in soil resources, 37 in soil science, and 15 in other 
(generally encompasses aspects of soil management for crop production). Required 
coursework for these four groups of options were not significantly different for most 
types of courses. More credits of chemistry were required for environmental soil science 
than for soil resources options. In an apparent trade-off, the other option required 
more plant science, but less environmental or natural resources credits than the en- 
vironmental soil science option. Based on the information provided to S571, a com- 
mon core curriculum within the various options of soil science appears to exist already. 
I anticipate an increase in required credits involving interpersonal skills or communi- 
cation and practical experience such as internships or research problems. Pressure 
to increase the number of required courses may result in 4.5- to 5-yr programs for 
soil science curricula. 



Evaluation of curricula includes close scrutiny of required courses and ex- 
amining the need for a core set of courses. Accrediting organizations usual- 
ly mandate minimal course requirements or a core curriculum. More than 
likely, the development of core curricula for various disciplines will increase 
in the future. Need for a universal core curriculum in soil science is an in- 
triguinig concept. 

Environmental concerns such as waste disposal and groundwater quali- 
ty have undoubtedly led to more soil science courses that address environ- 

Copyright 1994 Soil Science Society of America, 677 S. Segoe Rd., Madison, Wl 5371 1. 
USA. Soil Science Education: Philosophy and Perspectives. SSSA Special Publication no. 37. 
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mental concerns (Page & Letey» 1972; Barbarick, 1992) and subsequently 
to development of curricula with an environmental orientation (Letey & Page» 
1972; Cooper, 1990; Daniels et al., 1992). Weis (1990) and Brough (1992) 
indicated that environmental-type programs are often described as soft 
sciences* since they tend to require less coursework in hard sciences such as 
chemistry, physics, and mathematics. Can the same statement be made for 
the burgeoning environmental soil science options? Discussion of the course 
requirements for various options in soil science is needed now. 

My objectives are to: (i) examine the current status of course require- 
ments at various institutions, (ii) address the need for core curricula for var- 
ious options in the discipline of soil science, and (iii) ponder the background 
soil scientists will need in the future. 



CURRENT COURSE REQUIREMENTS 

Dr. Philippe Baveye, chairman of SSSA committee S571 requested in- 
formation on curricular requirements from North American institutions that 
offer 4-yr programs in an option in soil science. Fifty-seven universities 
responded. Table 2-1 provides a listing of the schools that replied, the op- 
tions offered, and a coding of the curricular choices. Four option codes were 
utilized: environmental options were Code 1; soil and water resources op- 
tions (including irrigation) were Code 2; soil science options were Code 3; 
and other options such as agronomy and soil and crop management were 
Code 4. 

Table 2-2 shows that the soil science curriculum is the most frequently 
listed selection; but, the number of environmental soil science options has 
undoubtedly increased during the last decade. This trend will continue since 
this curriculum probably has a broader appeal to prospective students and 
will probably lead to increased enrollment in departments offering this choice. 

Average semester course requirements for the four options are present- 
ed in Table 2-3. Economics and agricultural economics requirements were 
placed in the social sciences category; foreign language requirements were 
placed in the humanities category. The other classification includes wellness 
and elective courses. Oneway analyses of variance were used to determine 
significant differences in average required credits among the four general 
options. Least significant difference at the 0.05 probability level was used 
to compare means. 

Required coursework for the four options were not significantly differ- 
ent for the general topics of composition and speech (communications), hu- 
manities, social sciences, math, physics, biology, soil science, or others. The 
first seven categories of classes listed in Table 2-3 are generally considered 
liberal arts courses. Except for chemistry, all four options require essential- 
ly the same quantity of liberal arts credits. Out of an average semester credit 
requirement of 127 for graduation, liberal arts courses constitute 61 units 
or 48% of the total (Table 2-3). 
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Table 2-2. Frequency of curricular optiims. 



Curricular code General option title 



Frequency 



1 Environmental Soil Science 

2 Soil Resources 

3 Soil Science 

4 Other 
Total 



10 
16 
37 
15 
78 



For the majority of institutions listed in Table 2-1, the liberal arts credits 
are mandated by university policy. By default, therefore, the average curric- 
ular option in soils does contain a core curriculum of liberal arts requisites. 

Significant differences in credits in chemistry, plant or crop science, en- 
vironmental or natural resources, and agriculture were detected (Tables 2-3 
and 2-4). Although there was a significant difference in chemistry credits 
between environmental soil science (15) and soil resources (10), the other two 
options also tended to have fewer hours of chemistry requirements. Obvi« 
ously the notion that environmental options contain less hard science than 
other options is mythical. The apparent exchange of credits among options 
is that the other option requires more plant or crop science and less environ- 
mental or natural resources credits than the environmental soil science op- 
tion. Soil science also required less environmental or natural r esource credits 
than environmental soil science. This difference signifies the desire to pro- 
vide distinct training between the curricular options and reflects the one gener- 
al area of coursework where departments are still able to change graduation 
requirements. The soil science option also required more general agriculture 
courses than the environmental soil science category. I believe that this differ- 
ence represents a remanent of a more traditional agricultural approach to 
soil science curricula. 

A core curriculum in the various options in the soil science discipline 
already exists. While differences in requirements in chemistry, plant or crop 
science, or environmental or natural resources exist between options, they 
represent a small fraction of overall course requirements (Table 2-4). Most 
of the significant shifts in course requirements compared with the tradition- 
al soil science curricula constitute <6^o of the overall graduation credits. 
The exception is the 6.4^/0 increase in environmental or natural resource 
courses required for the environmental soil science option. Because of univer- 
sity or college edicts, changes in c tions are limited to courses that may be 
described as restricted elcctives. In essence, soil science students, regardless 
of the option selected, apparently do and will have fairly similar coursework 
backgrounds. 

The vast majority of undergraduate soil science programs encourage stu- 
dents to obtain practical experience before graduation. This is commonly 
accomplished through internships, work cooperatives, or independent-study 
research projects. Some institutions require this experience for graduation. 
Although this educational experience is desirable, adding credits of this type 
to existing requirements may create hardships for students. Meeting course- 
work demands of the university and department plus the need for practical 
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Table 2-4. Changes in course requirements compared with the soil science option where 
significant differences between options were found. 

Environment and 

General options Chemistry Plant, crop natural resources Agriculture 



Environmental soil science +2.4 
Soil resources -1.6 

Other 0_ 

t Percent change based on the total for each option and compared with the requirements 
in Soil Science, the most frequently listed curricular choice in Table 2-1. 

experience could increase the total credits needed for graduation. These 
changes could result in B.S. programs that necessitate 4.5 to 5 yr to com- 
plete. I think that educators too often expect soil science students to accom- 
plish too much within a 4-yr curriculum. 

A student in soils must develop communication skills and a basic un- 
derstanding of humanities, social sciences, and natural sciences along with 
a good blend of technical instruction. Selection of the right blend of course- 
work and practical experience within a 4-yr program is a very large challenge. 



% vs. soil sciencet 

-4.0 +6.4 -4.8 

-1.6 +5.6 -3.2 

+ 4.7 +0.8 -2.3 



WHAT ABOUT THE FUTURE? 

Increased demands by universities for more liberal arts in the curricula 
plus attempts to incorporate internship-type experiences will either increase 
total credits required for graduation or result in fewer restricted or free elec- 
tives. Soil scientists^ regardless of the curricular option completed, will work 
more as a part of interdisciplinary teams. Consequently, courses or other 
experiences that develop interpersonal skills should be encouraged. 

Since environmental soil science options are increasing, the author be- 
lieves that an increased emphasis on communication skills will be necessary. 
Regulatory agencies such as the U.S. Environmental Protection Agency will 
seek graduates who are articulate p.nd who can handle presentations at pub- 
lic hearings and news conferences. 

Institutional requirements will necessitate that shifts in coursework oc- 
cur primarily within restricted or free electives. Environmental soil science 
options will continue to deemphasize traditional plant or crop science courses 
while stressing environmentally-oriented classes. This shift will undoubtedly 
lead to an increase in environmental-type soils courses. 

Some courses with an environmental orientation are available (Barbarick, 
1992). New courses in this area should use case studies as a primary empha- 
sis. These capstone courses should build on the basic concepts learned in other 
courses and stress problem solving through real world examples. Role play- 
ing in these classes also may be important. Environmental soil scientists will 
probably interact a great deal with the general public; sometimes an adver- 
sarial situation may exist. Preparing students for various situations (e,g,, pub- 
lic hearings) should be a key emphasis in these environmental courses. 
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An increase in the number of institutions that offer minors in various 
options in soil science will probably increase. Students from related disciplines 
in natural resources, such as range science, will increase their marketability 
as a scientist by developing secondary areas of expertise. 

The future for all types of soil scientists is very bright. The need for 
individuals who understand environmental, agricultural, and resource 
management aspects of soils will certainly increase. Soil science educators 
will have the responsibility to provide opportunities to students so that they 
will eventually play a major role in society. The one constant for the future 
is that change will occur. Institutions cf higher learning must allow modifi- 
cation of soil science curricula to address future needs appropriately. 
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ABSTRACT 

Traditionally undergraduate students majoring in soil science came from rural 
backgrounds with a career goal of employment in some phase of agriculture. Gradu- 
ate students, particularly those with Ph.D. degrees, received employment in research 
or teaching at universities or with the Agriculture Research Service. Presently soil 
science teaching programs must attract students from urban areas and prepare them 
for successful careers in a broader spectrum than agriculture. Graduate programs 
should be adjusted to train soil scientists for positions in the private sector as well 
as the traditional positions. Teaching institutions must adapt undergraduate and gradu- 
ate programs to accommodate societal shifts or face declining enrollments. Revision 
in curricula rather than merely relabeling will be required for continued success. Many 
institutions are adjusting to include an environmental focus to their soil science teaching 
programs. 



The 20th century has been characterized by major societal transitions in the 
USA. Whereas most of the population lived in rural communities and small 
family owned farms at the beginning of the century, the vast majority of 
the population presently lives in urban areas. Major shifts also have occurred 
in rural areas, where there has been a transition from small family farms 
to larger corporative entities. 

Soil scientists have served a significant role in this progression of events. 
Research into the fundamental principles of fertilization, irrigation, and land 
management practices has led to large increases in crop production per unit 
land area. Advances in agricultural production has freed much of society 
from the task of providing food so that they can pursue other productive 
ventures. Soil scientists have contributed to the educational programs for 
students interested in agriculture related careers, ranging from farming to 
research. Since initial emphasi^ was generally on agricultural production, soil 
scientists were often administratively combined with crop scientists into 
agron omy departments on university campuses. 

Copyright 1994 Soil Science Society of America, 677 S, Segoe Rd,, Madison, WI 53711, 
USA, Soil Saence Education: Philosophy and Perspectives. SSSA Special Publication no. 37. 
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The era of environmentalism evolved in the late 1960s and early 1970s. 
It was characterized by Earth Days and by the initiation of major federal 
legislation directed towards environmental quality. Society, being largely freed 
from the concern for food supply, focused increased attention on the en- 
vironment. Agriculture was no longer viewed simply as an effective food and 
fiber supplier, but also as a contributor to land and water degradation. 

Soil scientists, whose traditional research and teaching roles were as- 
sociated with production agriculture, had a decision to make. Should they 
maintain the status quo or broaden their research and teaching programs 
to encompass new concerns? The question actually consisted of two separate 
but related issues. The first issue was whether environmental concerns as well 
as the production aspects of agriculture should be pursued. The second was 
that, since soil and water degradation was not restricted to agricultural ac- 
tivities, should soil scientists expand their role to include nonagricultural 
problems? One opinion was that, since many soil scientists were members 
of agricultural experiment stations or the U.S. Department of Agriculture, 
they were obliged to serve agriculture; to do research and teachmg that was 
not agriculturally oriented was perceived to be a misuse of funds. A narrow- 
er attitude, held by some with long-term agricultural associations, was that 
it was not appropriate to engage in environmentally oriented activities even 
if they were related to agriculture, since this might uncover information that 
would be detrimental to the agricultural industry. It was not uncommon for 
the first scientists to report quantitative data on water degradation by 
agriculturally-used chemicals to be criticized by some of their scientific col- 
leagues. Nevertheless, within the last two or three decades there has been 
a large change in the type of teaching and research performed by soil scien- 
tists. It now encompasses a full range of issues, including agricultural produc- 
tion and environmental quality in both agriculturally and nonagriculturally 
related settings. 

Recent expansion in soil science research has been largely driven by the 
availability of extramural funding sources for nontraditional agricultural 
research. Furthermore, soil scientists have recognized that they were doing 
basic research related to the fate and transport of chemicals in soil and water 
systems, and that these basic principles had broad application to both 
agricultural- and nonagriculturally oriented settings. 

Conducting research into nontraditional agricultural problems brought 
soil scientists into interaction with, and sometimes into competition with, 
other disciplines including engineering, geology, and geography. Soil scien- 
tists have both advantages and disadvantages when competing with other 
disciplines in nonagricultural activities. The advantage is that soil scientists 
have training, or colleagues with training, in all major aspects important to 
the fate and transport of chemicals in soil-water systems. Chemical, physi- 
cal, and biological aspects can all be addressed via a well-integrated program. 
The major disadvantage has been the failure of "some individuals, particu- 
larly in the private sector, to recognize the expertise and capabilities that soil 
scientists have at their disposal. This disadvantage is becoming less impor- 
tant as the contributions of soil scientists become more widely recognized. 
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Number of Responses 

Fig. 3-1 . Numbers and types of responses to questions asked in a survey of soil science teach- 
ing programs. 

Transitions in the research agenda for many soil scientists can be 
documented by publications and reports at scientific meetings. Transitions, 
if any, in teaching programs are less evident. In order to more accurately 
quantify what is happening with teaching programs, a questionnaire was sent 
to institutions in the USA and Canada that teach soil science. A total of 46 
out of 60 questionnaires were completed and returned. One part of the ques- 
tionnaire asked the respondent to classify recent numerical trends for vari- 
ous items as either increasing, decreasing or remaining about the same. Items 
listed on the questionnaire, and a summary of responses, are presented in 
Fig. 3-1. Institutions were also asked to: (i) briefly describe changes in under- 
graduate courses or curricula that have been made during the past few years, 
(ii) briefly describe changes in graduate courses or curriculum that have been 
made during the same period, (iii) describe present plans for future modifi- 
cation of soil science teaching programs, and (iv) provide any additional 
thoughts on the subject of soil science teaching program that they would like 
to share. 



UNDERGRADUATE EDUCATION 

Almost without exception, each respondent identified a shift in under- 
graduate soil science to increased environmental or resource emphasis. In 
some cases, new undergraduate soil science programs with emphasis on the 
environment have been developed. Some actually carry the tile environmen- 
tal soil science. In other cases, soil science courses are part of a campus- or 
college-wide environmental science program, or have been specifically tailored 
to attract nonmajors. Details of trends and transitions in the soil science pro- 
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gram at California Polytechnic State University^ San Luis Obispo, are 
presented in an accompanying article by Taskey (1994) as an example of what 
has been done at one institution. 

Based on the data presented in Fig. 3-1 » most institutions have been 
successful in attracting more nonmajors into soil science courses by introduc- 
ing greater environmental orientation. The number of respondents report- 
ing increased numbers of undergraduate soil science majors is approximately 
equal to those indicating decreased numbers of majors. Part of this trend 
may be attributed to the fact that some departments have dropped the soil 
science major, but have concurrently become an integral part of a broader 
environmentally oriented program. One respondent stated that the traditional 
undergraduate degree is a thing of the past. Another respondent stated that 
institutions have abandoned the philosophy that all undergraduate majors 
need to have exactly the same type of soil science background. 

Although only one department commented on the following issue, it 
is probably an issue that most departments are facing nationwide. With declin- 
ing resources it is imperative that each department be competitive in attract- 
ing students. Administrators are evaluating the college-wide or university-wide 
allocation of teaching resources based on student numbers. Whether the bud- 
get is a primary motivating factor, it is obvious that significant restructuring 
at the undergraduate level has been done at most, if not all, institutions and 
that such efforts have been generally successful in attracting more students. 



GRADUATE TRAINING 

Whereas almost every respondent identified major shifts in the under- 
graduate teaching program, a common response at the graduate level was 
that relatively few changes have been made. The following response is typi- 
cal of most respondents: **Changes in our graduate curriculum in soil science 
have occurred mainly through the emphasis of our research program which 
is dealing more with environmental contamination, reactions of wastes and 
waste products in soils, etc. One new course has been added about 2.5 yr 
ago.** Apparently most departments have seen little need, or at least have 
not invested the time required, to make major modifications in their gradu- 
ate teaching program, other than as reflected by research orientation. 

Approximately equal numbers of respondents identified increased gradu- 
ate student numbers as reported decreased graduate student numbers, with 
the majority indicating that there has been relatively little change. 



JOB OPPORTUNITIES 

One of the respondents stated, **Students today come into the program 
with the following question: *What kind of job will I get when I get out?* 
They want the curriculum to be specific to their needs. Perhaps this could 
be characterized as trade school mentality, but job opportunities are more 
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and more important to them.** This statement was made relative to an un- 
dergraduate program. This question from undergraduate students is undoubt- 
edly asked at most institutions, and has probably contributed to the 
above-mentioned modification of undergraduate curricula. 

At the graduate level, the data reported in Fig. 3-1 are disturbing. With 
regard to anticipated faculty positions in soil science, almost one-half of the 
institutions indicated a decreasing trend. Only a few indicated an increasing 
trend, and most of these institutions were those with a relatively small num- 
ber of soil science faculty. One institution indicated that they have been 
authorized faculty replacement for only one of every two open positions, 
and that this could soon go to one of three. Note also, in Fig. 3-1, that the 
prospects for anticipated staff hires in soil science is rather bleak as well. 
If these projections are accurate, traditional job opportunities for Ph.D. and 
M.S. soil science graduates at universities will be greatly diminished. One 
conclusion is that Ph.D. students in particular must be trained to be com- 
petitive in a broader job market than university teaching and research. In 
particular, the private-sector job opportunities must be tapped. 

Two issues must be addressed when expanding the job opportunities in 
the private sector for M.S. and Ph.D. students. The first question is whether 
traditional graduate training is the most appropriate training for indivdiuals 
going into the private sector. Secondly, the private sector needs to be made 
aware of the capability of M.S. and Ph.D. recipients in soil science to meet 
their needs. 

Many private sector positions are likely to come from nonagricultural 
entities. Traditionally, soil science has been combined with crop science to 
optimize the capability for addressing agricultural production problems. With 
the broadening scope of soil science research and teaching, however, one must 
question whether continued alliance with crop science is the optimal arrange- 
ment. On the questionnaire, one respondent indicated that soil science has 
now been moved out of agronomy to the School of Natural Resources. 
Another respondent indicated that there had been a suggestion to combine 
hydrology from agricultural engineering and geology with soil science to form 
a Land Resources Department. Others at the same institution, however, sug- 
gest that agronomy should maintain and strengthen, rather than break, the 
ties between soil and plant sciences. 

Soil science appears to have positively and effectively responded to 
changing times with regard to research and undergraduate teaching. Thus 
far, however, few if any modifications appear to have been made in gradu- 
ate teaching programs other than research-topic emphasis. Each department 
offering an M.S. or Ph.D. degree in soil science must address the following 
questions: Can the s(a(us quo be viably sustained into the future? If the sta- 
tus quo does not appear to be feasible and the projected trend in hiring Ph.D.s 
into traditional teaching and research continues, then what changes must be 
made? An obvious answer is to train students for a broader job market. As 
each job market is identified, appropriate and competitive training must be 
identified. This might require restructuring of subject matter within a revised 
set of courses, consideration of using internships with the private sector as 
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a significant training component, introducing quite different subject mat- 
ter, and possibly considering a restructuring of the administrative structure 
to enhance the training of soil scientists for nonagricultural positions. 

One lession that can be learned from ecology is that species that are un- 
able to adapt to changes in their environment become extinct. Soil scientists 
have demonstrated that, in research and undergraduate teaching, they have 
remained flexible and in general prospered. Based on this track record, one 
can hope that graduate program adjustments will follow as well, and that 
the soil science profession thus will flourish. This positive outlook, however, 
is premised on the assumption that soil scientists will invest the time and ef- 
fort to respond to emerging needs at the graduate level. 
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ABSTRACT 

The undergraduate soil science program at California Polytechnic State Univer- 
sity, which has been among the largest in the nation for more than two decades, 
suffered a severe decline in enrollment in the middle to late 1980s. Departmental au- 
tonomy became seriously threatened, and, more importantly, the program was iden- 
tified for possible elimination. The faculty responded by establishing three new 
concentrations under the soil science degree program; land resources, environmental 
management, and environmental science and technology. Overall, the new program, 
which was created solely from existing resources, is more rigorous than the tradi- 
tional curriculum. Potential new students were invited to apply. As a result of these 
concerted efforts, soil science enrollment nearly tripled within 2 yr. 



One undergraduate program in soil science that recently was redefined and 
restructured to meet emerging societal needs is that at California Polytech- 
nic State University, San Luis Obispo. Cal Poly*s undergraduate soil science 
program has been among the nation's largest for at least two decades. Its 
traditional role has been to educate students for positions in soil conserva- 
tion, soil survey, soil and plant analysis for agriculture, the fertilizer and 
agricultural chemicals industries, farm advisement, and land reclamation; 
and for graduate studies. 

Although enrollment had been strong since the program's inception, it 
increased dramatically in the early 1970s (Fig. 4- I ), reflecting the country's 
new-found interest in the state of the earth. Following the first Earth Day, 
students were attracted to ecology and natural resources programs in large 
numbers (U.S. Department of Education, 1992). These people knew that they 
wanted to do something for the earth, but many of them lacked clearly de- 
fined goals. Moreover, many of the newly developed or reorganized programs 
in which they enrolled lacked the wherewithal to progress much beyond 
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Fig. 4-1. Cal Poly undergraduate soil science enrollment, 1970 to 1992. 

problem recognition and analysis: college environmental programs offered 
few real social, economic, or technical solutions to environmental problems. 
As a result, programs flourished, but opportunities for environmental gener- 
alists were limited, and the job market soon became saturated. 

Students responded by shifting to more specialized environmentally 
oriented programs, such as forestry, hydrology, low input farming, and soil 
science. Accordingly, Cal Poly's Soil Science Department welcomed new stu- 
dents eager to transfer from community colleges and 4-yr programs that they 
found too general or ill-defined. By the late 1970s, the program supported 
- 175 undergraduate students, and the introductory soils course bulged with 
nearly 1200 students per year. Meanwhile, the number of faculty doubled 
from 6 to 12 full-time teachers. 

The typical soils student changed also. Until this time, the soil science 
student body had been strongly dominated by white males from rural back- 
grounds, with interests in farming and related support professions. The new 
students brought more diversified interests in forest and urban land use, or- 
ganic and low input farming, and soil quality degradation, and many dis- 
covered satisfaction in traditional soil scienc( , Moreover, the proportion of 
female students increased from < 10 to >40^o. Women came to power quick- 
ly, both in the classroom and in departmental activities. 

Amid all the expansion and changes, the curriculum remained virtually 
static. Faculty and administration saw no reason for revision, only for a few 
minor adjustments to accommodate specific interests of new teachers. After 
all, they reasoned, the prevailing curriculum had served the school and profes- 
sion well, and enrollment was greater than in any other comparable program 
in the country, and probably the world! So, although a few faculty may have 
sensed an impending barometric change, the decision was to stay the course. 

But as rapidly as the tides of students and new opportunities rose, they 
likewise ebbed (Society of American Foresters, 1991; U.S, Dep. of Educa- 
tion, 1992) v/hen governmental and popular philosophy shifted to increased 
laissez faire and decreased support for agriculture, natural resources, and 
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the environment. Governmental moves to deregulate and disencumber led 
to large profits in the business sector and volunteerism in the public sector. 
The new-found wealth of business and industry trickled in directions other 
than those in which agriculture and natural resource students were headed. 

As a result, Cal Poly's student boom in soil science lasted slightly less 
than two student generations. By 1985, enrollment had dropped precipitously, 
to only 44 majors and =600 students per year in the introductory soils course, 
considerably lower than the enrollment even before the 1970's boom. 
Although these fluctuations were extreme, this mid-1980's enrollment decline 
coincided with national trends of students away from agricultural and natural 
resources fields (Society of American Foresters, 1991; Food and Agricultur- 
al Education Information System, 1992). 

The enrollment remained between 44 and 46 through 1987, during which 
time only a few applications were received. The program and the profession 
it served were in trouble. The Soil Science Department, along with other simi- 
lar departments in the country, were threatened with loss of departmental 
status, and, more importantly, with loss of the program. The advice offered 
by university administrators was to recruit new students, in effect to take 
a show on the road to high schools, community colleges, and even county 
fairs and trade shows. Some suggested that expectations placed on students 
were too high, and that these might be adjusted to make the program more 
attractive. (Of course this somehow would be done while maintaining the 
widely recognized high standards of the university system.) 

The recruitment suggestion was rejected on the grounds that it simply 
would be using feigned enthusiasm to create a false demand. The entire 
profession, not simply university enrollments, was in a slump; it would be 
improper to lure people into a major that held little promise for career op- 
portunities upon graduation. Nonetheless, the faculty believed in the need 
for a strong undergraduate soil science program, especially in a large farm 
and natural resources state such as California. They also believed that many 
new, nontraditional, opportunities could be available for graduates if the 
program was redesigned and ihe rest of the world discovered soil science. 



GOALS, CRITERIA, AND METHODS 

After much deliberation and consultation with alumni and representa- 
tives of industry and governmental agencies, the faculty gradually developed 
the goals, criteria, and methods needed to expand the academic offerings. 
The goal that finally emerged was to develop a tripartite curriculum that 
woald (i) take advantage of traditional opportunities and offer students diver- 
sity and flexibility; (ii) prepare soil scientists to become effective in resource 
and environmental planning, policy, and administration; and (iii) provide 
a strong scientific foundation upon which graduates could compete for 
rigorous graduate programs and for positions in land and water pollution 
abatement. 
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In addition, they set criteria and recognized constraints as follows: 

1. Maintain traditional program goals and commitments to clients in 
agriculture and natural resources; to do otherwise would debase the 
recognized importance of soil science in food and fiber production. 

2. Provide an education that will be highly valued by society over the 
long term. A curriculum strong in fundamentals will allow gradu- 
ates the greatest flexibility in the future. Students will develop a firm 
foundation in general education, basic sciences, mathematics, and 
soil science. 

3. Graduates must have high probability of finding immediate and long- 
term professional opportunities, even if they are not employed directly 
in soil science. 

4. Minimize the number of courses students are required to take from 
the Soil Science Department to ensure that they are exposed to a wide 
variety of disciplines and faculty. This criterion reflects a philosophy 
quite different from that of most other departments, which tend to 
internalize their students, especially when enrollments are low. 

5. Any changes must be made without an increase in resources, faculty, 
or staff; only those resources available at Cal Poly could be used. 

6. Any restructuring must be supported by the rest of the university 
(most notably, of course, the curriculum committees at college and 
university levels, and academic senate, each of which have curricu- 
lar authority), alumni, industry, governmental regulatory and land 
management agencies, and other universities, especially those hav- 
ing significant graduate programs. 

7. Department faculty must share equally in administering any new con- 
centrations; no faculty member may be identified as in charge of or 
advisor to one concentration in preference to any other concentra- 
tion. Cooperation must be emphasized; territorialism must be dis- 
couraged. 

8. Well qualified potential students must be available to fill the program. 

The goal was accomplished by following several steps, some planned, 
others fortuitous: 

1 . Identify new job markets and professional opportunities for 
graduates. 

These were becoming available as Cal Poly soil science gradu- 
ates increasingly found employment with private consulting firms and 
governmental agencies to work on various aspects of land degrada- 
tion by hazardous wastes. (One firm hired nine graduates during the 
3 yr the new program was being developed.) 

2. Secure the support and counsel needed to develop the curriculum, 
have the program approved, and make it work. 

Other departments at the university, including some in the Col- 
lege of Agriculture, might be concerned that efforts in soil science 
would take away students from their programs, or that the Soil 
Science Department was becoming less supportive of their programs 
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by changing requirements in a way unfavorable to them. A strong 
attempt was made to anticipate these concerns and alleviate them as 
efforts progressed. Fortunately, enough encouragement and good will 
were received from outside the university that other departments be- 
came convinced that the changes would be for the good of all. 

Letters of support were amassed from alumni; graduate schools; 
industry (mostly environmental engineering and soil analysis firms); 
representatives of local, state, and federal governmental agencies, in- 
cluding the County Environmental Coordinator's office. State 
Departments of Health Services and Food and Agriculture, U.S. 
Forest Service, Soil Conservation Service, and Environmental Pro- 
tection Aigency. The proposed concentration in environmental science 
and technology was strongly endorsed in 1988 by the Soil Science 
Department Five Year External Review (Ludwick et al., 1988, un- 
published data). Moreover, representatives of each of the groups men- 
tioned reviewed draft proposals and made recommendations. 

In 1988, Cai Poly*s student chapter of the Soil and Water Con- 
servation Society hosted the annual California conference, with the 
theme Hazardous Waste in California's Soil and Water. The meet- 
ing brought in influential speakers and attendees who provided valu- 
able advice, supported the efforts, and offered jobs to students. 

3. Identify courses and resources, including faculty, facilities, and equip- 
ment, at Cal Poly that were not being utilized by soil science, and 
which could help strengthen and expand the program into three con- 
centrations. 

The land resources concentration was developed from the tradi- 
tional curriculum by rearranging certain support courses and provid- 
ing students a sizable block of restricted electives from which to 
choose. Students thereby are allowed greater freedom in selecting their 
course of study, and in pursuing any of several minors offered by 
other departments. 

The environmental management concentration was added 
through an agreement with the Natural Resources Management 
(NRM) Department to dual-list the program, which that department 
had offered for several years. The agreement opened another aca- 
demic opportunity for soil science students and increased the enroll- 
ment in NRM classes. 

The environmental science and technology concentration was 
created with the cooperation of the Departments of Chemistry, Phys- 
ics, Mathematics, Statistics, Agricultural Engineering, and Environ- 
mental Engineering. This is the most scientifically demanding of the 
three concentrations (Table 4-1). 

4. Locate and recruit potential new students. 

As one of the most popular campuses in the California State 
University system, Cai Poly must deny admission to many well quali- 
fied applicants each year because the degree programs to which they 



26 



TASKEY 



Table 4-1. Quarter units in major and support categories in each of the three concen- 
trations. 



Subject areas 


Land 


Environmental 


Environmental 


resources 


management 


science & technology 


Soil science 


43 


43 


43 


Biology, crop science 


16 


12 


12 






n 

J 


7 


Chemistry, physics 


24 


24 


39 


Math, statistics 


14 


13 


18 


Irrigation-hydrology 


4 


4 


3 


Computers 


3 


3 


3 


Environmental analysis 




10 




Law 




6 




Planning, administration 




9 




Internship 




3 




Environmental engineering 






5 


Restricted electivest 


23 




4 


t Students may choose restricted electives from a list of * 100 courses, which includes 



those required for a minor in another discipline. Soil science courses are not included, 
even though several additional soil science courses are taught. 

apply are full. These programs are those that are well known by 
guidance counselors and the public at large. 

With the cooperation of the university admissions director, the 
dean, and appropriate department head in the College of Science and 
Mathematics, the Soil Science Department invited applications from 
those biological science applicants who were unaccommodated but 
well qualified, and who, on the basis of their application statements, 
might have an interest in soil science if they knew about it. As a result, 
32 new students were admitted that year, increasing the enrollment 
from 44 to 76. 

The faculty anticipated that most of these students would transfer 
out of soil science at their first opportunity, but this did not happen; 
nearly all stayed in the program. Most of these new students were 
entering freshmen from metropolitan areas— a very different student 
population from that of a few years earlier. 



CURRENT SITUATION 

The goal was to increase the soil science enrollment to 90 students 5 yr 
after implementing the revised program. By the end of the first 2-yr catalog 
cycle (1990-1992) the enrollment had reached 120 students, all of whom are 
expected to have professional opportunities upon graduation. The faculty 
are confident that the enrollment could have been raised to 200 students or 
more if the great budget crisis. of 1992 had not struck, forcing a great loss 
of resources and a cap on enrollment. Nonetheless, the Department began 
the Fall 1993 term with 160 undergraduate students, including several who 
had transferred from chemistry, biological sciences, natural resources, and, 
for the first time, environmental engineering. These students were attracted, 
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not by a facile curriculum and promise of easy grades, but by a demanding 
program, one designed to serve them well over the long term, and by a friend- 
ly, open faculty committed to helping them excel in a competitive world. 



WHAT NEXT? 

Once new directions have been charted and new programs have been 
implemented, 'he faculty must make them work. Contacts with industry, 
government, universities, alumni, and kindred professions must be strength- 
ened and continually reinforced. Promising new students must be recruited 
and made to feel welcome. Current students must be nurtured. Standards 
must be kept high, firm, and reasonable. A dynamic unity must be main- 
tained among faculty. Professional certification and registration programs 
must be supported so that future soil scientists will be fairly recognized to 
do work for which they are qualified. 

Finally, soil scientists must strive to enhance the integrity and flexibility 
of their profession. University faculty must resist pressures to dilute the cur- 
riculum, or to surrender professional recognition in the name of reorganiza- 
tion. All soil scientists must work to create new opportunities and to retain 
ownership of their expertise. If the soil science profession is to remain viable 
and dynamic into the coming millennium, opportunities and expertise must 
not be forfeited or relinquished to other professions, either willingly or by 
default. 
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ABSTRACT 

Many analytical models exist in the field of education to explain differences in 
the way that individual students learn. One area of research that has been studied 
extensively is cognitive styles, specifically field independence-dependence (Fl-FD). 
The Fl-FD model encompasses a continuum of learning approaches that has specif- 
ic applications to making teaching more inclusive in the science classroom. Current- 
ly, many science courses are taught in a manner that primarily favors field independent 
students hence possibly discouraging field dependent students from participating in 
or succeeding at science. The FI-FD model has specific applications to soil science; 
by nature of its cross-disciplinary and practical applications to real life problems, 
soil science often attracts students from a wide range of backgrounds, many of whom 
may be more field dependent than students from traditionally hard science back- 
grounds. Increasing diversity in the classroom in the 1990s also indicates that there 
may be more of a need for FD instruction. We will explain how the Fl-FD model 
can be successfully applied to the soil science classroom by: defining cognitive styles, 
explaining how to identify what type of learners you may have in your classroom, 
outlining how to determine what type of an instructor you are, and evaluating a soil 
science syllabus that will show how to teach to a range of students. 



Researchers in the field of education have shown that students receive and 
process information in numerous ways and have developed many different 
models to explain these various approaches to learning. One widely employed 
model, cognitive styles, specifically the field independent-dependent con- 
struct, is particularly useful for understanding learning styles and hence im> 
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proving teaching for many reasons; students and teachers can be easily as- 
sessed for their preferred style, it is well accepted [almost 4000 studies have 
been conducted on the subject (Moran, 1985)], it can be applied cross cul- 
turally, it parallels many other educational theories, and finally, once un- 
derstood, it is easy to incorporate into classroom instruction. 

For the most part, FI teaching strategies, which include analytical, im- 
personal, and abstract approaches to learning, have dominated in university 
science classrooms across the USA. The soil science classroom is no excep- 
tion, and in the past, this approach has proven relatively successful with a 
population of students who have traditionally been white, male, and from 
rural and farm backgrounds, with a strong training in agronomic sciences. 

Today, however, the soil science classroom is quite diverse and the FI 
model may no longer be appropriate. Students taking soil science may be 
from cities, they are female, they often come from foreign countries, and 
they are of various ethnic backgrounds. Many of the current students in soil 
science also come from a wide range of academic backgrounds such as en- 
vironmental science, natural resources, forestry, science and technology, bio- 
logy, or ecology, where previous instruction may have been less FI. As all 
of these groups become more prevalent in soil science classes, the needs of 
this changing student population must be addressed; instructors who are con- 
cerned with improving the quality of undergraduate education can begin to 
meet this challenge by employing more field dependent strategies. 

We will explain that FI-FD is a useful model for teachers to understand 
and incorporate into classroom instruction. Although simple, the FI-FD con- 
struct enables instructors to utilize strategies that allow them to teach to a 
broader range of students, while still maintaining a customarily high level 
of educational instruction. By including an FI-FD approach to their teach- 
ins, instructors will hopefully facilitate the learning of a greater range of 
students. 



INTRODUCTION TO COGNITIVE STYLES AND FIELD 
INDEPENDENCE-FIELD DEPENDENCE 

Research on cognitive styles began in the 1940s and grew out of phys- 
iology research on perception. The original impetus came from the observa- 
tion during World War 11 that some fighter pilots, when losing sight of the 
ground, would fly upside down or sideways (Ramirez & Castaneda, 1974). 
In daily experience, two standards normally work together directing a per- 
son to the same upright. First, a person generally knows which way is up 
based on cues from the visual environment, such as vertical lampposts or 
vertical door jams in the room. Seconds cues are also received from internal 
sensations as one's body adjusts to gravitational pull in an atttempt to stay 
upright and in balance. 

Curious about the flying pattern of these pilots, and the dynamics of 
each of these standards in influencing orientation to the upright, Herman 
A. Witkin, a psychologist, developed laboratory tests to measure how people 
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locate the upright in space. (Witkin, 1978). Eventually, three tests were de- 
veloped: rod and frame, body alignment, and rotating room (Witkin, 1949, 
1952; Witkin & Asch, 1948). 

In the rod and frame test, a subject sits on an upright chair in a totally 
dark room. The subject sees only a luminous rod inside a luminous square 
frame, both of which pivot around the same center. The rod and frame are 
tilted at various angles relative to each other. The subject's task is to move 
the rod until he or she experiences it to be in the true upright, while the frame 
remains in its initial tilted position. In the body alignment and rotating room 
tests, a subject is placed on a chair in a room and either the chair or the 
room is tilted at various angles. The subject is then requested to align his 
or her body with the true upright. 

Experiments over the course of many years yielded an extreme range 
of responses from subject to subject. The results seemed to indicate that, 
when presented with the perceptual paradox of visual cues from the environ- 
ment that contradicted the bodily cues from within, many people chose one 
set of cues and denied the other. Witkin concluded that people seem to have 
a preferred style of perceiving that is utterly compelling and difficult to over- 
come (Witkin, 1978). 

Furthermore, research showed that particular subjects consistently 
preferred the same style of perception in all three tests. A subject (Alpha) 
who experienced the rod as vertical only when aligned with the frame was 
also likely to tilt his or her body far off true upright in order to align with 
the tilted room and, predictably, have no difficulty in adjusting his or her 
body to the true upright when the chair was tilted. In contrast, another sub- 
ject (Omega) who adjusted the rod to the true upright regardless of the posi- 
tion of the frame also was likely to align his or her body with the true upright 
regardless of the tilt of the room in which he or she was sitting, and agam 
predictably, he or she would experience his or her body as vertical on the 
tilted chair even though its whirling forced his or her body far off true up- 
right (Witkin et al., 1977, p. 6). 

The key for Witkin that provided a synthetic explanation of an individual 
subject's consistency of perceptual style was the essential and protean no- 
tion of embeddedness. In all three of Witkin's laboratory tests, the subject 
was forced to employ a perceptual strategy in regard to disembedding. For 
example, in the rod and frame test, the rod is embedded in the field created 
by the tilted frame and must be isolated from that field in order to adjust 
the rod to true upright. In the body alignment test the subject him or her- 
self, i.e., the body, is embedded in the visual field of a tilted room and the 
internal cues of bodily sensations must be disembedded from the cues of the 
external environment in order to move the body to true upright. In the rotating 
room test, again, the body is embedded in the visual field of the room, 
however, in this case, the body must remain embedded in the visual field 
in order to find the true upright. 

A later test also developed by Witkin most clearly illustrates the notion 
of perceptual embeddedness: the embedded figures test. This test is a paper 
and pencil assessment that presents subjects with a series of complicated 
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geometric figures in which a simple figure is hidden. The task is to find the 
simple figure and abstract it from its complicated field. Alphas hawc difficulty 
disembedding the simple figure, whereas Omega easily disembed the simple 
figure. Witkin posited that Alphas were exhibiting their consistent style in 
which perceptual experience was dominated by the organization of the field 
as a whole. The part, i.e., the embedded simple figure, was experienced as 
fused to the field as a whole, and was thus not perceived as isolatable. Omegas 
were exhibiting their consistent style in which perceptual experience was domi- 
nated by the distinctness of the parts, and thus the simple figure was isolata- 
ble from the whole. Statistical agreement across the four tests discussed is 
somewhat variable, yet always significant (Witkin et al., 1971; Ramirez & 
Castaneda, 1974). 

For people akin to Alpha, who tended to prefer visual cues from the 
environment over bodily cues and perceived parts embedded in the whole, 
Witkin eventually coined the descriptive category field dependent cognitive 
style. People akin to Omegas, who tend to prefer internal sensations over 
visual cues from the environment, and who perceive parts distinct from the 
whole, Witkin described as exhibiting a field independent cognitive style. 

Educational relevance to Witkin*s studies grew out of his own realiza- 
tion that an adequate understanding of a person's perceptual style **couId 
not be achieved without putting the person's characteristic way of process- 
ing information into the formula. . . (Witkin, 1978). In other words, a per- 
son's perceptual style was based on how he or she approached learning and 
information, i.e., his or her cognitive style. Witkin eventually adjusted his 
research to this link between perception and cognition and conducted numer- 
ous studies that showed that the way in which people process information 
from their immediate environment and their bodies was also revealing the 
way in which people processed nonimmediate or symbolic information, i.e., 
cognitive representations (Witkin et al., 1971). 

So eventually, although Witkin*s research found its creative seed in the 
laboratory study of perception, he did not coin the phrase as field 
dependent-independent perceptual style, but rather as cognitive style. After 
years of research, Witkin concluded that cognitive styles are the characteris- 
tic, self-consistent modes of functioning that individuals show in their per- 
ceptual and intellectual activities (Witkin et al., 1971). 

During the last 40 yr, volumes of r^sparch have been published linking 
field independent and dependent perceptual styles with cognitive styles. Cog- 
nitive styles are critical to the field of education in that they determine how 
individuals interpret and approach problems, and how they process infor- 
mation (Witkin et al., 1977). For example. Alphas, or field dependent peo- 
ple, learn material better that has a contextual basis, tJikc a holistic approach 
to problem solving, and prefer structured material. Omegas, or field indepen- 
dent learners, prefer. to think through new material alone, and to structure 
their own material. Field dependent Alphas prefer group work, aided by a 
narrative from a personable teacher. Field independent Omegas prefer ab- 
stract ideas, delivered in a lecture by a teacher at a professional distance (Wit- 
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kinet al., 1977; Anderson, 1988; Davis. 1991). Appendix A lists more charac- 
teristics of FD and FI learners. 



APPLYING COGNITIVE STYLES TO THE CLASSROOM 
IN THE 1990S 

In New Directions for Teaching and Learning, Anderson and Adams 
(1992) indicate that more attention than ever is being focused on how to meet 
the challenge of increasing diversity in the classroom. **One of the most sig- 
nificant challenges that university instructors face is to be tolerant and per- 
ceptive enough to recognize learning differences among their students. Many 
instructors do not realize that students vary in the way they process and un- 
derstand information. The notion that all students' cognitive skills are iden- 
tical at the collegiate level smacks of arrogance and elitism by sanctioning 
one group's style of learning while discrediting the styles of others.*' (An- 
derson & Adams, 1992). 

Research has shown that cognitive styles are not biologically determined 
but rather socially constructed. Since earliest information processing skills 
are taught to individuals by primary caregivers, one's cognitive styles are cul- 
turally conditioned (Anderson. 1988). Societal expectations and perceptions 
may also have an impact on how one is socialized to learn, especially once 
children enter the school system. Thus some researchers believe that FI-FD 
styles often break down among ethnic and gender lines; minority learners 
and women process information more along FD styles, while white males 
tend to be more Fl (Ramirez, 1982). 

Much research has been conducted to study whether ethnic minority 
learners are more FD than anglo learners. For example, some work has shown 
that African-Americans gain knowledge more effectively through tactile 
senses and verbal descriptions, and are socialized to concentrate on people 
rather than nonpeople types of information (Shade 1984). They also have 
the ability to succeed better working in groups (Shade, 1984). Ramirez and 
Castenada (1974) reported that Chicano students also indicate a preference 
for FD cognitive strategies such as relying on holistic skills, unlike middle 
class Anglo children, who have a preference for FI strategies. 

If this is the case, then cognitive styles used by ethnic minorities are some- 
what incompatible with current pedagogical practices, especially in math and 
science in the U.S. school systems, since so much of the teaching is FL Eth- 
nic minority learners specifically have a hard time trying to fit into the science 
domain because the learning in science requires analytical skills, abstract and 
impersonal orientation, and independent work. Consequently, the current 
methodology of teaching science attracts few minority learners. 

This reasoning could well explain the high attrition rate of minority stu- 
dents in math and engineering at large universities, as well as account for 
the high retention rate of programs that emphasize FD instruction. Success- 
ful programs include the Academic Excellence Workshop at Colorado Univer- 
sity, which encourages group learning, personal interaction and role modeling 
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to help minority students succeed in math and sciences (Scott, 1991), and 
the premed-science program at Xavier University, a predominantly African- 
American school, which has emphasized cooperative learning strategies 
(Anderson, 1988). 

Much research during the past 40 yr, has shown that women in the 
western world, upon reaching adulthood, tend to exhibit FD styles of learn- 
ing, whereas adult men exhibit FI styles of learning (Demick, 1991), This 
research is further complicated by the fact that women, while having to con- 
tend with the above noted learning challenges presented by the FI science 
classroom, must also face a whole range of culturally created impediments 
associated with gendered role expectations. In this culture, an incongruency 
exists between the role of being a true scientist and being a true woman. Scien- 
tists are objective, logical, and impersonal, whereas women are contextual, 
intuitive, and personal. Thus, by the negative force of these role expecta- 
tions, women at an early age are discouraged from the pursuit of science 
education beyond the introductory level (Fennema & Ayer, 1984). And, if 
certain enduring women do manage to enter collegiate science majors, they 
will, by the negative force of FI science pedology, be constrained in the ex- 
pression of the FD cognitive style. 



ROLE OF COGNITIVE STYLES IN SCIENCE EDUCATION 

A wide range of studies show that FI students overwhelmingly do bet- 
ter in hard science classes such as chemistry, mathematics, physics, and 
biology. (Fields, 1985; Niaz, 1987, Davis, 1991). This issue, however needs 
to be framed in terms of the old chicken and the egg question. Do FI stu- 
dents do better because they are more intelligent and have a higher aptitude 
for science? Or rather, do they succeed more readily because in most educa- 
tional settings the science curriculum favors FI learners? 

This question itself is difficult to answer, so researchers have studied 
the relationship between cognitive styles of instructors and students to see 
if matching would improve FD student's performances in the classroom. For 
the most part, results indicate that pairing of FI and FD teachers with like 
students does not necessarily enhance learning. McDonald (1984) showed that 
FI-FD matching of students and teachers would only benefit a small num- 
ber of college students, while Garlingher and Frank (1986) in a review of 
experiments on the subject, concluded that there was only a slightly higher 
level of achievement when students and teachers were matched. Riding and 
Boardman (1983) and Mahlios (1982) showed no improvement from 
matching. 

Research has shown, however, that when teachers become aware of their 
cognitive styles and adjust their teaching methods— not their actual cogni- 
tive styles— to teach to both FI and FD students, both types of students show 
better performance. For example, Frank (1984) found that FD students who 
were given a structural outline of lecture notes (advanced organizers) from 
a beginning educational psychology class improved on a multiple choice test, 
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as opposed to those who only had their own notes to study from. Crow and 
Piper (1985) showed similar improvements in a college geology class where 
the treatment group of FD students were (i) shown slides of geological fea- 
tures after being given verbal definitions, (ii) saw outlines drawn over the 
slides and projected onto the chalkboard, and then (iii) viewed the slides again. 
The control group of FD students received standard instruction of verbal 
definitions and slides and showed nonsignificant improvement. These studies 
suggest that it is not so much the actual personal cognitive style of the teacher 
that influences the success of the instruction, but rather, how that teacher 
designs his or her own instruction to meet the needs of both types of learn- 
ers, that has a positive influence on the learning of the students. 



HOW TO TEACH TO THE WHOLE SOIL SCIENCE 
CLASSROOM 

Teacher Activities 

In order to teach to the whole classroom, an instructor must be willing 
to assume that he or she is faced with a wide range of FI and FD learners 
in the classroom. Although research has shown gender and ethnic differences, 
instructors must not stereotype their students based on these characteristics, 
but rather treat each student as an individual. 

If an instructor doubts that there is a range of FI-FD students, the stu- 
dent self-evaluation (Appendix A) may be given to the students along with 
or in place of the group embedded figures test (test booklets and a manual 
for administration are available from Consulting Psychologists Press, 3803 
E. Bayshore Road, Palo Alto, California 94303). Chances are there will be 
a continuum of FI-FD learners in the classroom. 

The instructor should also do the teacher self -assessment (Appendix A) 
to determine his or her own learning style. Since so many science teachers 
have been instructed in an FI manner, it is possible that they have automati- 
cally incorporated FI techniques into their instruction without careful thought 
as to why or if these techniques are really essential. Gross (1991) also indi- 
cates that one*s own thinking style may intluence one*s approach to teach- 
ing more than one realizes. If this is the case, then instructors may very well 
instruct predominantly in the manner in which they prefer to learn. 

As well, teachers need to be aware of their own biases in the classroom 
when grading, testing and calling on students. Research has shown that 
**people with similar perceptual styles tend to describe each other in highly 
positive terms, while people whose perceptual styles are different have a strong 
tendency to describe each other in negative terms. Field independence teachers 
perceive their FI students as being smarter than FDs, while FD teachers see 
their FD students as more intelligent** (Witkin et al., 1977). Renninger and 
Snyder (1983) also found that FD teachers perceived their FD students as 
learning more as did FI teachers with their FI students. 
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Classroom Activities 

Within the classroom, teachers can better reach aH of their students by 
guiding their classroom exercise format by what may be called teaching to 
the poles. Teaching to the poles refers to designing instruction to reach the 
students who are at the extremes of the continua of FI and FD styles. This 
approach helps ensure that more students will be reached, since the instruc- 
tional method will include exercises for the entire range of FI-FD students 
(Felder & Silverman, 1988), which will by necessity also include those stu- 
dents in the middle of the continuum. Many instructors may already have 
an intuitive sense that there are different types of learners and to some ex- 
tent may structure courses that have elements of FI and FD components, 
but without a clear sense of why they are doing it or how. By designing a 
course with the extremes of the FI-FD continuum in mind, instructors will 
offer the opportunity to succeed to both types of learners in a manner that 
is more clearly defined for both the student and the teacher. 

Teaching to the poles entails dividing a course into sections and evalu- 
ating FI and FD instruction methods for each. For every classroom interac- 
tion, generally four to six FI-FD styles continua are most salient. (A full 
list of 15 styles continua are presented in the Cognitive Styles Assessment 
in Appendix A.) To determine the overall FI-FD nature of a course, the in- 
structor needs to locate where each exercise sits on the continuum and deter- 
mine if the course is heavily weighted toward FI or FD instruction. 

As an example the authors have broken down a course into three areas: 
(i) communication of information, (ii) student information gathering and 
processing (laboratory and discussion) and (iii) evaluation of student learning. 

Communication of Information 

Since most introductory science courses necessitate conveyance o;. basic 
principles, a specific amount of lecture must occur. Since mos: peopr-^ ujnd 
to have a style of lecture that is relatively fixed, the authors do no; nect -iar- 
ily recommend that instructors change their lecture style. Wit nm i^** Cv^ntext 
of lecturing, however, FD and FI strategies can be incorporated, especially 
if it is apparent that the overall structuring of one's lecture is more FD or FI. 

Field independent teaching styles might include lecturing in a fairly im- 
personal manner, utilizing key words and equations on the chalkboard, and 
proceeding in a linear, sequential format. Lecture content would be fairly 
abstract, and relate strictly to scientific principles. The instructor would 
respond to questions, but most likely not ask the audience for answers. 

Field dependent strategies for lecturing, on the other hand, might in- 
clude a more personal lecture touched with humor, repeated use of slides, 
graphs, and chalkboard outlines. The lecturer would put the content in a 
social context, i.e., names of people who made major discoveries, or how 
a principle is currently in use in the modern world. For successful FD in- 
struction, the professor could hand out a lecture outline or notes (advanced 
organizers) at the beginning of each class, or put a lecture outline on the 
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board each day and leave it up for students to follow along. Or, the instruc- 
tor might give the students a detailed course outline, rather than just a sylla- 
bus in the beginning of class. If possible, the instructor might engage students 
in the lecture, asking questions or asking the students to come up with the 
information themselves. 

Student Information Gathering and Processing (Laboratory 
and Discussion) 

Field independent work in the lab would be primarily individual and 
emphasize direct scientific principles. Laboratory work would probably be 
strictly quantitative and involve measurements and principles of basic science. 
The teaching assistant or professor would mostly lecture. 

A more FD oriented laboratory and discussion would engage students 
in discussion, or have students do outside research and present information. 
Laboratory work would be group work, and experiments would be directly 
linked to subject matter in lecture as well as real life problems. Laboratories 
would also include observations as well as field trips to observe real-life struc- 
tures and organizations. 

Evaluating Student Learning 

Field independent tests or problem sets would contain primarily quan- 
titative, abstract problems. They would possibly be multiple choice, or short 
answer, fill-in-the-blank type of questions. The emphasis would be on offenng 
questions that primarily have one right answer. Take-home work might be 
individual problem sets that would allow students some room to structure 
the problems. The entire course might be curved, to foster competition. 

Field dependent assignments might consist of lab write-ups or research 
projects which would show how work is relevant to their own lives. Assign- 
ments could be given as group projects, tests would be long or short essay 
and the answers would be open to interpretation, or have a range of answers 
that could be considered correct. Quantitative problems would have a social 
context (''farmer Jill goes to check her field one morning and discovers some 
of her tomato leaves are green while others are yellow. She had applied 100 
lb/ha of N as ammonium nitrate. . ."). The course or tests would not be 
curved, to foster cooperation. 



EVALUATING YOUR OWN SYLLABUS FOR FIELD 
INDEPENDENCE-FIELD DEPENDENCE 

Because each instructor has a different teaching style and offers vari- 
ous types of assignments, laboratories, discussion, and tests, a universal quan- 
titative evaluation form for a syllabus would be extremely difficult to design. 
Table 5-1, however, models a syllabus for an introductory soil science course 
where each exercise is labeled Fl or FD. Table 5-1 also shows one possible 
format of organization that instructors can use for evaluating their syllabi. 

4o 
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Table 5-1. Model Syllabus for Introduction to Soil Science. 

Lecture 

Lecture content/outline: 

Section 1— Principles— first two-thirds of semester Fit 
Introduction to Soils— what is a soil? 
Soil processes (genesis, formation, soil texture, etc.) 
Soil physical properties (water, volume, bulk density) 
Soil chemistry (ion exchange, liming) 

Soil biology (organic matter, major and minor nutrients, and microbial 
transformations) 

Soil fertility (integrate biology and chemistry) 
Soil management (integrate physics and processes) 
Section 2— Contextual Problems and Applications— last one- third FD-KI 
Comparative farming systems (conventional and organic) 
Waste disposal and soil contamination 
Site evaluations for development/preservation 

I^ture style: 

1. Give out syllabus as well as course outline along with syllabus in be- 
ginning of class, and refer to it each lecture FD 

2. Convey ideas first as abstract, then in context whenever possible FD 

3. Give handouts of graphs wherever possible so students have visual 
reinforcement to study from FD 

4. Assume large impersonal lecture FI 

Evaluation of Student Learning (60%) 

1. Three full hour exams (at 15% of total grade each) with mixture of 
multiple choice, short answer, qualitative problem solving, short 

essay FI 

2. A. One optional final exam, more essay and contextual questions. FD 

OR 

B. 5-10 page original research paper using at least four original 
research references on applied environmental problems (effect of 
acid rain on soils, effect of tillage on soil erosion, etc.). FI-FD 



Laboratories and Discussion 

Laboratory Exercises 

1. Five observations and minor experiments 

Individual exercises (standard lab activities: testing pH, texture, 

bulk density, water movement) Fl 

2. Three field trips 

compost station, farm, agency (USDA-SCS extension), soil observa- 
tions (catenas, erosion, and genesis) FD 

3. Three two-week experiments with write-ups as group activities (testing 

fertilizers, microbial activity, and water infiltration) FD-FI 

K valuation of Student Learning (40% for lab) 

1. Three lab write-ups encompassing two labs each 

(2-4 pages with materials and methods section as well as results and 

discussions) FI-F'D 

2. Three quizzes (short answer, some problem solving) VI 

3. One group presentation on preapproved subject FI-FD 



t Fl - field independence: FD ~ field dependence. 
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For this model syllabus, the course was broken down into two sections, 
lecture, and laboratory and discussion. Both of these sections were then fur- 
ther divided into sub sections, the lecture into content and outline, style and 
evaluation; and the laboratory and discussion into exercises and evaluation. 

Each of these subsections was then evaluated to determine if it had FI 
and FD components. For example, the Principles part of the lecture content 
and outline would be considered mostly FI, because it is abstract and non- 
contextual. The second part, the contextual part, is considered both FI and 
FD, FI because it involves the application of abstract ideas to concrete 
problems and FD because it is more global, and involves problems within 
a real life context. The laboratory exercise part has FI and FD components 
as well. The field trip and longer experiments are FD exercises because they 
entail contextual problems and group work. The shorter experiments are more 
FI because they entail individual work, and deal with more abstract ideas. 

After labeling each subsection FI or FD, the author then counted the 
number of each to see if the course was balanced. In this case, the FI and 
FD parts of the course were weighted as they were tallied. For example, since 
the FI in the Principles section of the lecture content or outline part was for 
two-thirds of the semester, it would get weighted more heavily than the FD 
component of the Contextual Problems and Applications section, which was 
only one-third of the semester. The rest of the syllabus was then tallied in 
the same method. 

Although this model syllabus offers one way of evaluating a syllabus 
or course for FI and FD, each instructor will of course have to make adjust- 
ments based on his or her own criteria. The two assessments of cognitive 
styles in Appendix A are meant to offer a guide to instructors as they de- 
velop their own criteria for evaluation. 

While this model has offered some quantitative tools, instructors should 
also take a qualitative look at one's course and syllabus. Perhaps one of the 
most important considerations for evaluating a syllabus is to look at the self- 
assessments in Appendix A and the characteristics of FI and FD learners and 
then ask: does the course plan and evaluation method really allow for both 
types of learners to shine? Do the reading list and the lecture technique have 
both FI and FD components? Do both types of learners have an equal chance 
of getting an A? If an instructor can answer yes to these questions, and the 
numbers of FI and FD components in the course are relatively close, then 
chances are the entire class will have the potential to succeed. 



CONCXUSION 

We have tried to provide an overview of cognitive styles and offer some 
practical tools and models for adjusting classroom techniques to meet the 
needs of different types of learners. In soil science, university instructors are 
in a unique position because they may receive students who are still trying 
to decide whether to go into social science, or natural, physical, or biologi- 
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cal science. Because cognitive styles are generally fixed by adolescence, soil 
science instructors will be facing many FD students who have been condi- 
tioned to believe that they probably cannot succeed at science, although it 
holds some interest for them. By expanding teaching styles, instructors can 
successfully teach to these students, and possibly bring in a whole new seg- 
ment of people who will add to the richness and diversity of soil science. 

The notion that science is only for a particular type of learner or thinker 
can no longer be used to justify the unidimensional manner of science in- 
struction under the guise of tradition and quality. The world is changing too 
fast for that, and in the context of learning styles, it is very easy to see how 
this can be construed as an ethnocentric and gender biased argument. In bi- 
ological sciences, diversity is considered necessary for the survival of 
ecosystems and the environment. Likewise, the field of soil science can only 
be enhanced by bringing in larger groups of people who will bring different 
ways of viewing the world, solving problems, and new ways of thinking. 
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APPENDIX A 

Even though the embedded figures test appears to be a valid and reliable instru- 
ment for determining cognitive style, two seemingly important criticisms in regard 
to its being used as the sole instrument for assessing cognitive style have lingered during 
its 40-yr life span. First, it really only measured field independence directly. If a sub- 
ject can quickly disembed the simple figures from their complicated ground, he or 
she scores as highly field independent. Subjects who lack this ability are designated 
field dependent. Second, the performance of any group of subjects will array in a 
normal distribution, with most falling in the middle of the continuum, with a range 
from extreme field dependence to extreme field independence. Therefore the test is 
not agile enough to determine the specific perceptual or intellectual situations where- 
in those subjects in the middle range may prefer one cognitive style over the other 
(Ramirez & Castaneda, 1974). 

In response to these criticisms, we have developed the Cognitive Style Assess- 
ment instrument for learners and teachers. This instrument is designed to directly 
assess preferences for both field dependence and field independence as well as assess 
specific situations where in subjects may apply alternate styles. The teut may be ad- 
ministered alone, or» as the authors recommend, along with the embedded figures test. 

Please note: this assessment is still in the experimental stages. If you use it in 
your classroom, we would appreciate feedback on how it worked and how you used 
it. Please contact Dr. Rodney Parrot, Office of Instructional Support, 14 East Avenue 
Cornell University, Ithaca, NY 14850. 
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Cognitive Style Assessment 

Introduction 

These instruments chart the cognitive styles of learners and teachers. They are 
primarily intended as tools for self -assessment, but, by altering the descriptions to 
emphasize behavior, could be easily adapted for observation also. 

The instruments are designed to teach as well as assess. The 15 descriptions that 
form a column at the left of the dotted continua lines are all associated with field 
dependence, while those on the right are associated with field independence. Thus, 
at the same time that the student or teacher is determining his or her personal cogni- 
tive style, the instruments are introducing the test taker to the essential fruits of cog- 
nitive styles research in regard to field dependence-field independence as expressed 
in the educational enterprise. 

The instruments are formatted such that, when completed, the array of bold 
X marks provide an at-a-glance impression of an individual teacher or learner's pro- 
file of cognitive styles. You may suggest that test takers use a felt-tipped pen to en- 
hance this visual effect. Or the instruments can also be applied to groups of teachers 
or learners. Simply assign numbers 1, 2, 3, or 4 to the bubbles on the continua (left 
to right), tabulate and distribute on a curve for comparative study, or for statistical 
analysis. 

Please note: These are suggested tools for cognitive styles assessment. Trials are 
now underway to investigate their reliability and validity. The authors would gladly 
entertain any suggestions for their improvement. 

Directions for Use 

Read descriptions at the left end and at the right end of the cognitive style con- 
tinuum no. 1. Mark a bold X through the bubble that best locates you on the con- 
tinuum, as a learner in Assessing the Cognitive Style of Learners or as a teacher in 
Ajsessing the Cognitive Style of Teachers on the following pages. 

Mark only one bubble. Continue in the same manner for all 15 continua of cog- 
nitive styles. 
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Assessing the Cognitive Style of Learners 



L Prefer group 
interactive learning 

2. Socially oriented 
in learning groups 

3. Prefer to cooperate 
for rewards 

4. Very sensitive to 
criticism from others 

5. Prefer informal, 
personal teacher 

6. Very attentive to 
teacher's gestures 

7. Prefer teacher to 
model material 

8. Prefer to minimi?e 
distance to teacher 

9. Prefer ideas rooted 
in specific context 

10. Prefer to validate 
material 

1 1. Prefer structured 
learning exercises 

12. Prefer ideas in 
context of a story 

13. Prefer narrative 
style writing 

14. Prefer holistic 
problem approach 

15. Prefer to talk 
through problems 
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1. Prefer solitary ■ 
learning 

2. Task oriented 
in learning groups 

3. Prefer to compete 
for rewards 

4. Not influenced by 
criticism from others 

5. Prefer formal 
rofessional teacher 

6. Very attentive to 
teacher's words 

7. Prefer teacher to 
explain material 

8. Prefer to maximize 
distance to teacher 

9. Prefer abstract 
ideas 

10. Prefer to critique 
material 

11. Prefer to find 
own way to learn 

12. Prefer ideas in 
context of debate 

13. Prefer analytical 
style writing 

14. Prefer sequential 
problem approach 

15. Prefer to think 
through problems 
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, Assessing the Cognitive Style of Teachers 



1. Prefer facilitating 
group discussions 

2. Emphasize social 
orientation in groups 

3. Stress cooperation 
for rewards 

4. Very sensitive to 
criticism by students 

5. Prefer informal, 
personal delivery 

6. Very attentive to 
student's gestures 

7. Prefer to 
model material 

8. Prefer to minimize 
professional distance 

9. Convey ideas as 
contexts 

10. Guide students to 
value material 

11. Assign structured 
learning exercises 

12. Convey ideas in 
context of a story 

13. Stress narrative 
writing assignments 

14. Encourage holistic 
problem approach 

15. Favor students who 
talk through problems 
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1. Prefer delivering 
lectures 

2. Emphasize task 
orientation in groups 

3. Stress competition 
for rewards 

4. Very sensitive to 
self-criticism 

5. Prefer formal 
professional delivery 

6. Very attentive lo 
student's words 

7. Prefer to 
explain material 

8. Prefer to maximize 
professional distance 

9. Convey ideas as 
abstract entities 

10. Guide students to 
critique material 

11. Allow students to 
find own strategies 

12. Convey ideas in 
context of debate 

13. Stress analytical 
writing assignments 

14. Encourage lienar 
problem approach 

15. Favor student 
who thinks for herself 
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ABSTRACT 

This chapter focuses on the writer's experience as a graduate soil scientist work- 
ing in the multidisciplinary environment of a consulting engineering firm. The utility 
of a soil science background will be related to professional experience in land use 
planning, environmental assessment, and solid waste management. Suggestions are 
offered to make soil science education more relevant to understanding complex en- 
vironmental issues. 



At the November, 1992 ASA-SSSA-CSSA-CMS meeting in Minneapolis, 
much discussion was focused on the topic of the future of the soil science 
profession. We heard how jobs with the traditional employers of soil science 
professionals, including government, academia . and agribusiness, are 
diminishing. Government agencies are consolidating services and downsizing 
to accommodate tight budgets. University enrollment in traditional agricul- 
tural disciplines such as soil science are dropping. Businesses are downsizing 
and streamlining operations. Developments such as these affect profession- 
al employment opportunities for recent graduates and experienced soil scien- 
tists alike. 

How do soil science professionals make the transition from government 
service and academic pursuits to the private sector? How do we educate (or 
reeducate) ourselves to compete in the changing job market? How does a 
soil scientist function in a nonagricultural business setting? As teachers, how 
do we help our students prepare for nontraditional careers? 

Many soil scientists grapple with these questions at some point in their 
careers. I offer some ideas and potential answers to these questions. 



BACKGROUND 

This chapter is written from the perspective of one who is both a soil 
science educator and an environmental scientist in the private sector. 1 am 
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an adjunct instructor in the Earth Science Department at the State Universi- 
ty College at Brockport, NY. The Department offers undergraduate degrees 
in geology, earth science, water resources, and meteorology. The course I 
teach is an introductory soil science class for upper level undergraduates and 
master's level graduate students. At the present time, the course catalogue 
lists no prerequisites for the course, although I generally discourage enroll- 
ment for students who have had no chemistry or biology coursework. Ap- 
proximately two-thirds of the students are earth science, geology, biology, 
and meteorology majors, with the remainder being graduate education majors 
returning to college to obtain a certification to teach middle school and secon- 
dary level earth science, or, very infrequently, undergraduate education 
majors. 

As an educator and as a project manager at a small environmental engi- 
neering consulting firm, \ am aware of the importance of a sound scientific 
education for those considering careers in the environmental field. My mul- 
tiaisciplinary graduate studies in soil science and water resources, and an un- 
dergraduate degree in biology have given a good basic understanding of many 
complex environmental issues and problems. The discipline of soil science 
is unique because it incorporates knowledge from many other disciplines: 
biology, chemistry, physics, meteorology, and geology. If a student really 
wants to comprehend what is happening in the environment, he or she should 
study soil science. Serious study of several other scientific disciplines is re- 
quired to understand the chemical reactions, biological activity and physical 
principles of soils thoroughly. 

One disturbing trend I have noticed among students is that the general 
level of scientific understanding is declining. A second trend is the inability 
of many students to communicate adequately either in writing or orally. To 
combat these trends, students in my class are required to prepare a research 
paper using primary sources of information, and to present the paper orally 
at the end of the semester. Students are encouraged to write about any sub- 
ject that interests them as long as it is somehow related to soil science. Many 
education majors and graduate teacher-students write lesson plans. Students 
arc required lo submit an abstract of their paper ==3 wk into the semester. 
The abstract sei ves as a barometer about students' abilities, knowledge, and 
organization skills. From the research paper exercise, students learn biblio- 
graphic skills, organization, and technical writing. Because the oral presenta- 
tions arc short, they must be verv focused and well organized. 

Many students are intimidated by the prospect of having to write and 
present a paper in front of their peers. I have received many complaints about 
writing and presenting a paper in a science class. From my own experience, 
1 respond that an individual cannot function in a professional employment 
environment without technical writing and oral communication skills. If an 
individual cannot communicate his or her results so that an employer, a read- 
er, or a client can understand the significance of the work, the work itself 
is meaningless. 

Soil scientict.> ui'tcii have a difficult time being recognized as real scien- 
tists (Simonson» 1991). Simonson noted several instances in his career where 
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his soil science background made him invaluable to his geologist colleagues. 
He also noted that the soil science discipline lacks the respect and recogni- 
tion given to other disciplines such as chemistry and geology because soil 
science research has traditionally been empirical in nature and geared to the 
needs of the agricultural community. Soil scientists have not traditionally 
gotten involved in interdisciplinary activities or professional societies out- 
side of soil science. 

With the development of interdisciplinary societies such as the Society 
of Wetland Scientists, the American Planning Association, the Air and Waste 
Management Association, the Association for the Environmental Health of 
Soils, and the American Water Resources Association, soil scientists have 
more opportunities to become involved with disciplines outside the traditional 
agricultural realm of soil science. Two relatively new fields where soil scien- 
tists are finding employment are the fields of environmental assessment and 
site remediation. These fields are currently dominated by engineers and 
geologists; however, soil scientists are quite well equipped to tackle them. 
Field training in soil mapping, and coursework in remote sensing technolo- 
gy, air photo interpretation, and soil morphology, genesis, physics, and 
chemistry is especially useful in these fields. Most agenaes require remedia- 
tion plans to be prepared by a professionally licensed engineer; however, ac- 
tual project design and management can be, and often is, done by others, 
including soil scientists. Soil scientists with experience in site assessment and 
remediation can be especially valuable in consulting activities because they 
often have more field experience and more training in chemistry and physics 
than many engineers. Firms with soil scientists on staff can compete very 
favorably for projects with consulting firms who only employ licensed en- 
gineers. ^ 

The growth of the number of private sector soil scientists in SSSA Divi- 
sion S-5 (Soil Genesis, Morphology, and Classification) has been documented 
by Miller and Brown (1987). These authors also note that **public sector soil 
scientists cannot possibly . . . meet all the day to day interpretive needs of 
clients." They also note the decreasing number of Ph.D.s in this field. A 
very recent paper by Boyle (1993) stresses the need for the soil science dis- 
cipline to be revamped to meet the needs of the environmental industry. Boyle 
also comments on the tendency of the majority of soil scientists to stay within 
their traditionally funded roles. 

Much debate has been centered on the need for professional certifica- 
tion in soil science. 1 support the national effort to certify soil scientists, but 
professional recognition of the credential has .been slow, perhaps because 
there are so few soil scientists in comparison with the number of engineers 
and geologists. 

I have not personally pursued American Registry of Certified Profes- 
sionals in Agronomy, Crops, and Soils certification for one main reason. 
Experience requirements for the Certified Professional Soil Scientist (CPSS) 
credential seem to be heavily weighted toward individuals with academic or 
government service backgrounds. Individuals with soil science training work- 
ing in the private sector find it difficult to meet the CPSS requirements 
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without prior professional experience in government service or in an aca- 
demic-extension setting. My 15-yr career did not include academic teaching 
until recently. My professional work experience in the private sector has not 
been strictly limited to the soil science discipline. In the private sector, par- 
ticularly in the consulting field, one must function in many disciplines. My 
observation is that the government-academic experience requirement may 
be difficult for private sector soil scientists to achieve, unless they have had 
several years of prior government or academic service. 



USE OF SOIL SCIENCE TRAINING IN THE PRIVATE SECTOR 

My professional experience includes wetland delineation and mitigation 
studies, water quality studies, preparation of environmental impact analyses 
and statements, land use planning studies, natural resource inventories, de- 
velopment of local government ordinances and codes, permitting for solid 
waste facilities, and environmental site assessment for real estate transac- 
tions. Coursework in soil science was essential to many of the projects. This 
chapter summarizes three areas in which soil science training has been used: 
(i) wetland studies, (ii) siting and operation of a solid waste management 
facility, and (iii) environmental assessments for real estate transactions. 

Wetlands Studies 

Since the mid-1970s, the U.S. Army Corps of Engineers has regulated 
certain activities in waters of the USA under the authority of Section 404 
of the Clean Water Act (U.S. Army Corps of Engineers, 1987). Wetlands 
are considered \^a(ers of (he United States, I mapped federal jurisdictional 
wetlands using the 1987 Corps of Engineers Wetland Delineation Manual 
as part of the design and environmental review of two highway projects lo- 
cated in Erie and Niagara Counties in Western New York. 

Because both projects were federally funded, the project team was re- 
quired to determine the location of both federal and state-regulated wetlands 
within the project area. New York State regulates wetlands 5.1 ha (12.4 acres) 
or larger. State-designated wetlands are mapped on U.S. Geological Survey 
quadrangle base maps using aerial photography and ground reconnaissance 
to verify boundaries. Under New York regulations, the presence of certain 
species or genera of vegetation is the primary criterion to determine whether 
an area is a state-designated freshwater wetlani . The presence of hydric soils 
is not always required to designate a wetland under New York State regu- 
lations. 

A three parameter approach is used to determine the presence of feder- 
al jurisdictional wetlands. Federal jurisdictional wetlands must show a 
predominance of hydrophytic vegetation, or be capable of supporting 
hydrophytic vegetation, and mast show strong indications of hydric soils and 
wetland hydrology during the growing season. 
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One of my professional responsibilities is to manage the wetland ser- 
vice sector of our business. Expertise in assessing hydric soils, wetland hydrol- 
ogy, and field identification of plants is required to map wetlands efficiently, 
and to evaluate a site's mitigation potential. Engineers sought to minimize 
the impacts of the highway projects on wetlands in the project areas by shift- 
ing the highway alignment. Some wetland impacts and losses, however, were 
inevitable. The New York State Department of Transportation was required 
to mitigate wetland acreage losses. 

I worked closely with the engineers to locate suitable mitigation areas 
within and adjacent to the project construction area, and to develop work- 
able goals and objectives for the mitigation sites. An intimate knowledge of 
soil stratification, water movement, and the types of vegetation likely to sur- 
vive in the proposed mitigation areas was required to accomplish this task. 
Soil test pits were dug throughout the proposed mitigation area, soil horizons 
were described, and periodic observations were made of water levels and 
movement patterns were made during a 2-yr period. Careful notes were made 
of vegetation species inhabiting the wetland area to be impacted. Observa- 
tions were discussed and evaluated with agency staff from the U.S. Army 
Corps of Engineers and the New York State Department of Environmental 
Conservation. Mitigation goals and objectives were developed to guide the 
design process. Most of the area consisted of northern hardwood swamp and 
poorly drained, shrubby old agricultural fields. No open water habitat was 
available within the project area except for three small perennial streams. 
Because most of the habitat area was wooded, it was impractical to design 
an hectare for hectare, habitat replacement wetland mitigation area. Instead, 
the existing wetland values of wooded wetland habitat were enhanced by 
adding open water area, and creating a variety of water depths, shoreline 
and island areas, and emergent marsh complexes adjacent to the wet woods 
habitat. Approximately 2 ha of wetland mitigation area were created for ev- 
ery hectare of wetland lost to highway construction. Preliminary indications 
are that significant water quality and wildlife benefits are being provided by 
the mitigation area. 



Siting and Operation of a Yard Waste Composting Facility 

In 1988, New York's Solid Waste Management law (6 NYCRR Part 360) 
banned yard waste (grass clippings, wood chips, and leaves) from sanitary 
landfills. Communities were mandated to develop alternatives to recycle and 
reuse yard waste and other organic waste stream components by 1992. As 
a result » municipalities all across the state hastened to develop alternatives 
to landfilling yard waste materials. 

My employer is currently designing or conducting preliminary tests on 
five compost sites in western New York. 1 am involved in several aspects 
of compost facility design, operation, and management. Graduate course- 
work in soil chemistry provided a basis for understanding the principles of 
organic matter decomposition and pesticide behavior in the soil-compost 
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medium. This knowledge was applied to a problem experienced at one of 
the compost sites. 

The site in question received yard waste materials from a variety of 
sources: private refuse haulers, golf courses, and nurseries. The site opera- 
tor had little knowledge of or control over the application of pesticides and 
fertilizers to the materials to be composted. The composting site was located 
in an old gravel pit because it was in a sparsely settled, agricultural area and 
access to the site could be controlled. The site's owner was seeking an eco- 
nomic use for a property that was no longer suitable for either agriculture 
or mining. The site was located within an economical travel distance of the 
western suburbs of Rochester, NY. The site operator hoped to use the com- 
post material as a soil amendment to reclaim mined out areas of the site, 
and other sand and gravel pits in the area. Negative siting factors included 
permeable sand and gravel subsoils. The depth to seasonal high water table 
was 1.3 to 1.9 m. The area selected for composting was located =608 m 
away from the nearest house, and =456 m away from a pit pond. No public 
water supplies were available to the area. 

Local government officials expressed a concern about the impact that 
composting operations might have on a local pond and nearby private wells. 

To address the concerns of local officials and residents, we monitored 
the nearby pond for ambient concentrations of commonly used pesticides, 
PCBs (polychlorinated biphenyls) and solvents. We had no funding avail- 
able for groundwater monitoring. One of the realities of working with small 
businesses and entrepreneurs is having to work within very tight budget limits. 
In addition to budgetary restrictions, little information was available about 
the concentrations of pesticides and herbicides typically found in yard waste 
materials. 

We obtained valuable assistance from a local landscaper and lawn ser- 
vice in addressing this question. We assembled information from the New 
York State Cooperative Extension and from our landscaper to develop a list 
of compounds that might be found in yard waste compost materials. We 
discovered the cost of laboratory analysis for these compounds prohibitive. 
From a literature review and inquiries to industry, I was aware of a field 
immunoassay test that might be used to detect the presence of low concen- 
trations of a pesticide commonly used on lawns, 2,4-D (2,4-diphenoxyacetic 
acid). 2,4-D is commonly used to kill broadleaf weeds in lawns. We expect- 
ed to find a residue of this compound in yard waste materials brought into 
the compost site. 

We decided to use the immunoassay test to monitor compost product 
for the presence of 2,4-D and other related herbicides. We were faced with 
the problem of developing an appropriate method for extracting the target 
pesticide compound from a largely organic medium (compost), and develop- 
ing reasonable dilution factors. This task was accomplished by working closely 
with industry personnel to adapt a method previously used on grains. Prelimi- 
nary results indicated that raw yard waste compost contained measurable 
amounts of 2,4-D and related compounds. The field test used was not sensi- 
tive enough to determine actual compounds or exact concentrations. The 
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method, however, was capable of detecting the family of compounds on an 
order-of-magnitude basis. We found this information useful for monitoring 
purposes. We tested the compost material when it was first brought in, at 
the mid-point of the composting process ( ^ 4 wk), and at the end of the com- 
posting process. Our results showed that the concentration of 2,4-D and re- 
lated compounds decreased rapidly during the decomposition process so that 
it was nondetectable in finished compost product. 

This assignment required a knowledge of soil chemistry and biology. 
Soil science training provided the background to be able to ask the right ques- 
tions and to find the resources needed to accomplish the task. Soils expertise 
was used to develop the list of compounds that might be found in the yard 
waste materials, to find an appropriate and affordable test method that could 
monitor the concentrations of a commonly applied pesticide through the com- 
posting process, to assist in the adaptation of the test method, and to ex- 
plain the results to nonscientists involved in the decision making process. 

Soil scientists have a niche in the field of solid waste management. Their 
expertise is best used in developing operational parameters for biological treat- 
ment systems, and in siting facilities. 

Environmental Audits for Real Estate Transactions 

During the late 1970s, Love Canal raised public consciousness about 
environmental pollution and contamination resulting from past or present 
misuse of property. The Comprehensive Environmental Response, Compen- 
sation and Liability Act (commonly known as CERCLA or Superfund) was 
enacted in 1980. This law made all current and former property owners, 
tenants, lessees, and financing institutions responsible for clean-up of con- 
tamination (Bureau of National Affairs, 1993). It created a firestorm of pro- 
test from banks and others who claimed they had no involvement or 
responsibility for creating environmental problems. The law quickly resulted 
in the need to develop a means of assessing a property's potential for en- 
vironmental liabilities. Banks, attorneys, realtors, and property owners be- 
gan requesting environmental audits of properties for potential environmental 
liabilities. Environmental audits are now required for all transactions involv- 
ing industrial, commercial and multiple family residential real estate. 

Environmental audits are designed to determine environmental liabili- 
ties that may be associated with real estate. The essential components of an 
environmental audit include review of the abstract of title; historic aerial 
photographs and maps; site plans; building plans and specifications; local, 
state, and federal environmental data bases and regulations; interviews with 
local government and regulatory agency officials; current and former own- 
ers, tenants, or lessees (where possible); and a site inspection, which may 
include environmental sampling. 

Once the initial review and inspection are completed, the environmen- 
tal audit report summarizes the scope of work, the resources and references 
used, the findings of the investigation, and details areas of potential or actu- 
al environmental liability. Further investigation and environmental sampling 
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may be needed to characterize suspected problem areas, such as leaking under- 
ground storage tanks and piping or deteriorated storm sewers. 

Environmental auditing became one of my project areas because it re- . 
quired many skills that 1 had already developed: air pholo interpretation, 
the ability to use and understand environmental data bases and regulations, 
plan review and interpretation, and site assessment. 

Environmental audits require a variety of skills and expertise. Complex 
environmental audits require a team of specialists, which may include en- 
vironmental, mechanical and civil engineers, hydrogeologists, chemists, bi- 
ologists, and soil scientists. I often function as a team leader and project 
manager on complex environmental audits b' .cause the job requires a gener- 
alist. My background in soil science has included training in chemistry, biol- 
ogy, and toxicology, disciplines that are not typically explored in depth in 
traditional engineering curricula. As a soil scientist working in a multidis- 
ciplinary environment, I have acquired a working. knowledge of many dis- 
ciplines. With years of experience, I have developed an understanding of many 
of the engineering facets. The project manager must be able to understand 
and integrate the information generated, to organize and direct the work ef- 
forts of project team members, and to communicate the results of the inves- 
tigation to the client. 

SUMMARY 

Overall, I have found that soil science training provides a greater under- 
standing of environmental problems and issues. It enables me to assist my 
engineering and scientific colleagues from other disciplines to develop prac- 
tical solutions. The reason that soil science provides this advantage is its in- 
terdisciplinary nature. One cannot understand what happens in soil without 
having a good foundation in other scientific disciplines, such as biology, 
chemistry, physics, and meteorology. I do not regret my decision to study 
soil science, and in fact, would encourage others to do so. The respect problem 
outlined by Simonson (1991) is real, but one that can be addressed by im- 
proving our curriculum and teaching abilities, setting high academic stan- 
dards for our students, and by getting actively involved in projects with other 
scientific and engineering disciplines. 
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ABSTRACT 

One of the most important, satisfying, and challenging aspects of an academic 
position is the advising of graduate students. A very important part of graduate studies 
is the training of M.S. students, the primary focus of this chapter. 1 will discuss the 
following: advisor-advisee relationships, differences in advising M.S. and Ph.D. stu- 
dents» the role of the advisor in the student's research and professional development, 
and the importance of graduate student interactions with other graduate students, 
postdoctoral associates, and faculty. 



One of the most satisfying, yet challenging aspects of a career in academia 
is the advising of graduate students. In my own case, there is nothing in my 
career that I have enjoyed more than advising graduate students and seeing 
them advance in their careers. Proper advisement is extremely important since 
the careers of future leaders in soil science will be greatly impacted by the 
quality of advisement they receive at the M.S, and Ph.D. levels. In Nielson 
(1970), Dan Hillel stated that the advisor should **encourage the develop- 
ment of a scientist and independent critical thinking rather than to teach the 
gospel sanctified because it happens to be the instructor's opinion." A very 
important part of graduate studies in colleges and universities is the training 
of M.S. students. Many of the points that will be discussed, however, are 
equally applicable to the training of Ph.D. students. I will discuss the fol- 
lowing: advisor-advisee relationships, differences in advising M.S. and Ph.D. 
students, the role of the major professor in the research and the profession- 
al development of graduate students, and the importance of graduate stu- 
dent interactions with faculty, other graduate students, and postdoctoral 
associates. 
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ADVISOR-ADVISEE RELATIONSHIPS 

Perhaps the most important aspect of graduate education is the type 
of relationship that exists between the advisor and the graduate student. For 
the relationship to be a good one, the advisor and the student must be com- 
patible with each other. Compatibility will be enhanced if there is a careful 
and thoughtful system of selection and guidance of students that takes into 
account the abilities, personality traits, and expectations of the faculty mem- 
ber and student and matches each student to an advisor with whom there 
will be compatibility. 

Moreover, the student must respect the advisor and the advisor should 
serve as a mentor to the student. A mentor can be defined as a close, trusted, 
and experienced counselor and guide. In a recent soil chemistry (Division 
S-2) newsletter. Dr. M.E. Sumner well stated the importance of mentors: 
*Take great care in selecting your mentors. They place an indelible stamp 
on you.** As a mentor, one should act as a teacher to enhance the student*s 
skills and intellectual development. Additionally, the mentor through his or 
her own personal achievements and reputation can serve as a person whom 
the student or protege can admire and emulate. 

To be an effective mentor to graduate students, the advisor must lead 
by example and be competent and respected in the field, active and produc- 
tive in research and in the profession, and familiar with the scientific litera- 
ture. The advisor should also be industrious, self-disciplined, organized, 
creative, honest, enthusiastic, optimistic, humble, amicable, cooperative, pa- 
tient, compassionate, and professional. I cannot overemphasize the impor- 
tance of advisors being industrious, self-disciplined, and organized and the 
need for them to emphasize these characteristics to their advisees. These are 
truly necessary keys to a successful career and ones that advisees should 
possess. Advisors should stress to graduate students the need to be dedicated 
and to study and work long hours. Students should clearly understand that 
graduate studies are not just an 8 h a day job. 

While it is important that students and advisors have a relationship that 
is characterized by mutual respect, compatibility, affability, and cordiality, 
it must be professional. Sorenson and Kagan (1967) found that many stu- 
dents desired a closer relationship with their advisors. Many desired to in- 
teract more with their advisors socially. For example, those students who 
were invited to their advisor*s home felt that the professional relationship 
was enhanced and as a result, that they received better advisement and that 
there was greater progress made in their studies. I have seen some cases, 
however, in which advisors attempted to become one of the graduate stu- 
dent*s peers and. consequently, the relationship and quality of advisement 
suffered. 

Perhaps it would be instructive at this point to discuss what graduate 
students believe are the most important aspects of graduate student-advisor 
relationships and, particularly, graduate student advisement. There are few 
studies in the literature on this topic. Rugg and Norris (1975) conducted a 
survey of psychology graduate students on faculty supervision. Ten factors. 



ADVISING M.S. GRADUATE STUDENTS 



55 



listed below, were identified by the students as significantly affecting their 
satisfaction with the advisor. The advisor should be (i) flexible, fair, open- 
mined, and supportive of student creativity and independence; (ii) provide 
structure and guidance; (iii) be a productive researcher and participate in 
research projects; (iv) have expertise in methodologies; (v) exhibit excellent 
interpersonal rapport by being friendly, relaxed, pleasant, and supportive; 
(vi) be a stimulating teacher both in the classroom and as an advisor of gradu- 
ate students; (vii) be accessible to graduate students; (viii) be highly com- 
petent in one*s field and be familiar with the current scientific literature, 
because this will facilitate discussions between the student and advisor on 
the research project and assist in interpreting the student*s research findings; 
(ix) be mature and experienced in advising students; and (x) stress communi- 
cations training for the student such as technical writing and public speak- 
ing courses, presentation of research results at meetings and conferences, 
and writing scholarly papers. The students surveyed felt that the latter was 
very important in their advancement and recognition. 

In short, the findings of the survey by Rugg and Norris (1975) clearly 
indicate that graduate student advisors should not view their role as requir- 
ing little of their time, effort, or personal guidance. Rather, students want 
them to be actively involved in their overall graduate experience. 



DIFFERENCES IN ADVISING M.S. AND Ph.D. STUDENTS 

Many of the aspects of advising M.S. students are similar to those for 
advising Ph.D. students. There are, however, some fundamental differences. 
It is important at the M.S. level that students in soil science obtain excellent 
backgrounds in mathematics, chemistry, physics, microbiology, geology, 
statistics, and soil science, and that they become proficient in the use of com- 
puters for word processing and data analyses. A strong background in 
mathematics and the physical and biological sciences is particularly impor- 
tant if M.S. students in soil science plan to pursue Ph.D. degrees. For exam- 
ple, if a student wishes to pursue a Ph.D. in soil chemistry, he or she should 
take physical chemistry courses during his or her M.S. studies and not dur- 
ing the Ph.D. studies. Regardless of one*s plans for the future, however, 
it is always useful to have fundamental training in mathematics, statistics, 
and the physical and biological sciences. 

1 feel that it is important that M.S. students have courses in quantita- 
tive and instrumental analyses. Moreover, they should become familiar with 
routine chemical, mineralogical, and physical methods for soil analyses 
through their research and coursework. I also believe that M.S. students 
should take courses in technical writing and public speaking since excellent 
oral and written communication skills are imperative for success. 

Another aspect of advising M.S. students that differs from Ph.D. stu- 
dent advisement is the level of input into the research program and the degree 
of supervision by the advisor. Most M.S. students have not had significant 
experience in developing and conducting research projects. Therefore, it is 
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imperative that the advisor be actively involved in the development of the 
research plan and meet with the student often about his or her findings, 
problems, and progress. I meet with my own M.S. and Ph.D. students at 
least every 2 wk to discuss their research and to exchange ideas. If this is 
not done, one may find that midway through the degree program, the stu- 
dent is floundering and no meaningful results have been obtained. The ad- 
visor should also ensure that the student is attempting to balance coursework 
and research. This is something that most M.S. students find different, since 
they have not had to manage their time to accommodate both coursework 
and research. 

The degree of supervision at the M.S. level will also depend on the stu- 
dent's abilities. In the beginning of the research, more supervision may be 
needed; it can be reduced with time. The advisor should not spoon-feed M.S. 
students. If excessive supervision is given and an advisor's own ideas are im- 
posed too much, a student's development is impeded and the student be- 
comes a technician. 



ROLE OF THE ADVISOR IN THE RESEARCH AND 
PROFESSIONAL DEVELOPMENT OF M.S. STUDENTS 

The role of the advisor in the student's research is very important. The 
advisor should be in the forefront of his or her research area and expose 
the student to new information, hypotheses, and findings. Alexander (1970) 
notes that the student's work should focus on reSearch and not REsearch. 
The M.S. thesis should be original and not a reinvention of the wheel. To 
ensure this, the advisor shoulil stress the importance of thoroughly review- 
ing the scientific literature and acquaint M.S. students with the major scien- 
tific journals. The student should be encouraged to read not only the 
contemporary literature, but also the older work in the field. Additionally, 
the advisor should recommend that the student read literature published in 
international journals, as well as those outside one's own field. A thorough 
literature review should be conducted and incorporated into the research 
proposal that is presented during the first semester or quarter of graduate 
studies. 

In developing and deciding on the research project it is important to 
ask several questions (Bargar & Duncan, 1982): Is the research problem in 
concert with the student's developmental endeavors and creative capacity? 
Is the student excited and interested in the research problem? Will the research 
complement and broaden the student's abilities and insights? 

At the outset of the M.S. student*s studies the advisor should let the 
student know what his or her expectations are and encourage the student 
to communicate frequently, Such expectations should be the same for both 
foreign and U.S. students. The advisor should also make realistic and time- 
ly queries about the research progress. This lets the student know that the 
advisor is interested and also that he or she has expectations that progress 
be made. Advisors must be accessible to students and willing to talk and coun- 
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sel with them. There should be regular meetings with students to review, evalu- 
ate, and discuss student progress. This will help in maintaining motivation 
and product-oriented behavior (Brown, 1968). The advisor should provide 
thoughtful criticisms of the research, both negative and positive, in a diplo- 
matic and fair manner. 

In turn, the student should strive to enhance his or her understanding 
of the research topic and methods that will be employed, analytically examine 
the research problem, critique his or her own work before seeking critical 
reactions from the advisor, and be responsive to criticism. If the student re- 
lies too much on the advisor, he or she could lose control of the research. 

Thus, ownership of the research is important. It is shared between the 
student and the advisor, but the student must not lose control of the research. 
Ways to tell if ownership is being lost by the student include (Bargar & Dun- 
can, 1982): (i) if the advisor discovers his own solution to a difficult part 
of the research and feels the solution is correct and that the student must 
accept the solution; (ii) if the advisor feels that the student has lost control 
of the research; and, (iii) if the advisor is more satisfied with his solution 
to a research problem than the student's solution. 

The advisor should encourage the student to do the initial writing of 
the research, and then carefully provide input by meeting with the student 
and explaining point by point what is good and bad about the writing. The 
advisor should also have the student practice seminars and paper presenta- 
tions, and stress the importance of publishing the research in a timely man- 
ner. The research should have a high degree of success and have a high 
probability of being published. The latter is important in advancing the stu- 
dent's career. 

To enhance the success of the research, the advisor should be certain 
that there are financial and personnel resources and equipment available so 
that the student can carry out the research. The advisor should make sure 
that the student is exposed to modern equipment and learns new methodol- 
ogies. It is a mistake, however, to allow a student's research to be overly 
dependent and structured around a piece of sophisticated equipment. Such 
instruments should be viewed as tools (Low, 1970). It is particularly impor- 
tant that adequate funds be available for laboratory, greenhouse, and field 
supplies, and travel to experimental sites and professional meetings. Advisors 
should ensure that M.S. students attend and present at least one paper at 
a professional meeting. 

The advisor must also play an important role in the professional de- 
velopment of the graduate student. He or she should piomote their advisees 
by nominating them for awards, introducing them to other scientists, assist- 
ing in job placement, providing information on job interviews, and stress- 
ing the importance of collegiality and image. While wc usually do a fine job 
technically training graduate students, wc do not spend enough time on de- 
veloping our students professionally. One effective way that advisors and 
departments can assist graduate students in professional development is to 
offer a course that deals with grantsmanship, writing and reviewing 
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manuscripts, resume preparation, job interviewing, and planning a work 
schedule. 



IMPORTANCE OF INTERACTIONS WITH OTHER GRADUATE 
STUDENTS, POSTDOCTORAL ASSOCIATES, AND FACULTY 

enhance the experiences of M.S. students, it is important that they 
interact with other M.S. and Ph.D. students and postdoctoral associates both 
in and outside their research group. The advisor should also encourage M.S. 
students to discuss their research and their career goals with advisory com- 
mittee members and with other faculty within and outside the student's 
department. 

Students at the M.S. level in particular can benefit immensely from Ph.D. 
students and postdocs concerning methodologies and relevant scientific liter- 
ature, and by engaging in discussions on their research. Also, the friendships 
and collegiality t!iat are developed between fellow graduate students and 
others in the research group can be important throughout one's life. Thus, 
it IS beneficial if the student's advisor has several graduate students of differ- 
ent academic levels. Having said this, I wish to point out that it is a mistake 
for advisors to have so many graduate students that they do not have time 
to advise each of them and provide input and guidance into their research 
and professional development. This is particularly important in advising M.S. 
students. 

^* 

CONCLUSIONS 

The future of soil science is bright. While there have been many impor- 
tant past successes in our field, numerous challenges and opportunities re- 
main. These include: increased and more efficient food and fiber production, 
enhancement and preservation of environmental quality, and education of 
the public and elected officials about the importance of soil science. To be 
successful in these areas, we must have well-trained graduate students. The 
academic advisor is crucial in this regard. 

DEDICATION 

This paper is dedicated with admiration and appreciation to my out- 
standing graduate advisors, the late H.H. Bailey, who guided by M.S. studies; 
and D.C. Martens, and L.W. Zelazny who supervised my Ph.D. research. 
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ABSTRACT 

The training of Ph.D. graduate students in soil science depends greatly on the 
proper selection of intellectually superior candidates and the identification of research 
topics suitable for a high degree of self-direction on the part of each student. Selec- 
tion of a broad range of basic and applied study courses inside and outside of a given 
specialized field of soil science is also an important advisory function in the develop- 
ment of breadth. Paramount is the early and continuing development of a warm col- 
legial and creative relationship between the teacher and the Ph.D. candidate in the 
out-of-doors, laboratory, office-conference room, and home. CoilegiaHty should be 
used to smooth the potentially demoralizing transition of each student growing in 
personal life interdependent with growing professional responsibilities. The over-all 
aim of the supervision of Ph. D. soil science graduate students is the early promotion 
of the development of a strong personal and professional stature of maximum in- 
tellectual breadth. 



Considerable interest has been expressed concerning the training of gradu- 
ate students who become candidates for the Ph.D. degree in soil science. The 
process includes care in the selection of the candidate, selection of a research 
topic suitable for considerable self-direction, and the strategic selection of 
study courses. Success depends on the development of coUegial and creative 
relationships that promote the development in the candidate of a strong per- 
sonal and professional stature and intellectual breadth. 



STUDENT SELECTION PROCESS 

Success in advising Ph.D. graduate students begins with recruitment of 
candidates of superior qu litics of intellect, personality, and personal drive. 
Obtaining the appropriate information will begin with the prospective stu- 
dent's application form that includes vital statistics and a single-page narra- 
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tive of Iiis or her interests and qualifications. The applicant normally will 
arrange for one to three reference letters from qualified persons to be sent 
forward separately. This preliminary screening procedure greatly aids in the 
student selection process. Finally, the telephone often facilitates the recruit- 
ment of the best qualified prospective students. 

In the early years, a young professor may be dependent on the reputa- 
tion of his department and school to help attract good students. Very soon 
his own professional reputation built on research papers and student output 
will become the attractor, based on performance in the early years. 

Occasional failure to make a favorable selection of a student will re- 
quire weeding out later with attendant frustration and loss of time, money 
and self-esteem (Sorenson <& Kagan, 1967). Besides student qualification 
difficulty, a poor interpersonal relationship between student and advisor often 
may be the cause of failure of the student. A success rate of Ph.D. comple- 
tion of 90 to 95^0 can be expected if the selection process is effective, and 
the supervisor is competent in the subject matter, teaching expertise, and 
charisma (Rugg & Norris, 1975). 



CHOICE OF RESEARCH TOPIC 

The research topic will be selected through a matching of the advisor's 
interest and competence with the student's interest and career objective. To 
illustrate the breadth of opportunities offered to the soil science Ph.D. can- 
didate, four examples are given: 

1. Soil acidity and liming, the apparent dichotomy as earlier seen by 
E. Truog and R. Bradfield (H "■) and C.E. Marchall and H. Jenny 
(AL^^), soil was seen as a proton donor through Al bonding (Jack- 
son, 1963), Al(OH2)6 of pA'j = 5, and quantum mechanical tunnel- 
ing, a unifying concept of the soil acidity. 

2. Soil adsorption of CO2 by algal photosynthesis in soils has relevance 
to the role of CO2 in possible global warming (committee on global 
change, 1988; Huang & Schnitzer, 1986; Arnold & Wilding, 1991; 
Kerr, 1992; Revkin, 1992) vs. the cooling effects of volcanic aerosols 
(Bryson, 1989). 

3. Mineralogical analysis of a soil has scientific relevance only in the 
context of the soil landscape geomorphology over millions of years 
(Jackson, 1987). 

4. Depletion of a soil-derived nutrient such as Se affects human health 
because an inadequacy of it in the food chain affects human longevity, 
heart disease rates, and cancer rates (Jackson, 1988). 

In agricultural colleges in the USA there are frequently several sources 
of financial support for graduate assistants, some from the institution, fed- 
eral agencies, and companies. Some agencies may be interested in having work 
done about the crop response to a product or its effect on the environment. 
The advisor tries to match the graduate student's interest to the agency in- 
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terest. That matching often goes forward into the vocational selection that 
will be made after the Ph.D. is earned. Experience shows that research sup- 
port from various sources can, with care, be successfully matched with stu- 
dent interests and background. 



COURSE WORK 

The advisor guides the soil science Ph.D. student's choice of a broad 
range of basic and applied academic courses, with the consideration of the 
student's interests, but also the requirements of science in general. Under- 
standing of the soils is inherently a holistic and interdisciplinary challenge. 
But to provide for creative thinking, while avoiding the weakness of sensa- 
tionalism, an adequate scientific grounding in course work is mandatory. 
Thus, the course selection must include basic subjects such as chemistry, phys- 
ics, geology, climatology, plant physiology, microbiology, and mathematics 
as required to round out the course program already taken in undergraduate 
and M.S. programs. 

The courses will cover a much wider subject-matter range than the thesis 
topic. Likewise, the scientific career will also cover a much broader spec- 
trum of subject matter than the Ph.D. thesis. The Ph.D. thesis is thus only 
an early phase of a soil science career. 

Extensive course work is an extremely efficient way of acquiring the need- 
ed breadth of learning through the accumulated experience of each of sever- 
al instructors and course textbooks. Granted that a whole scientific career 
will be spent in learning, course work sets an efficiency paradigm for lifelong 
effective use of journals and books on a broad range of subjects. Primary 
and secondary school and college work have long proven their worth in ac- 
celerating the learning process. Courses taken in graduate school also have 
a large role in continuing the learning process. The Ph.D. stage is a fairly 
elaborate transition from formal schooling to self-teaching (Candy, 1991), 
not a quick-jump to it. 



THE RESEARCH MEETING 

A useful means of assisting the professional growth of the Ph.D. candi- 
date is participating in research meetings with peers. A small group of 6 to 
12 meet weekly at a set hour. Each one of the group can have a turn of lead- 
ing the discussion of his or her research at a given weekly meeting. A ont- 
page research report summarizes the long range objective and a second state- 
ment points out the objective of the immediate report being presented. A 
note on method, a few new data, and one or two references to related pub- 
lished literature round out the presentation. The next week a second student 
rotates through a similarly structured presentation. The research meetings 
thus markedly differ from a seminar series. Before the Ph.D. thesis is finished 
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the student usually confides, **thank goodness for those weekly research 
reports." 

As the home institutional work is progressing, regional and national 
professional meetings are attended and become increasingly meaningful in 
the growth of a peer network (Bargar & Mayo-Chamberlain, 1983), After 
a couple of years, the better Ph.D. candidate will be ready to offer a paper 
under the careful guidance and the help of the advisor. Thus, gradually the 
Ph.D. candidate will acquire a professional attitude and the formal require- 
ments of the American Registry of Certified Professionals in Agronomy, 
Crops and Soils (ARCPACS) will be met (Bertramson, 1990). 



CREATIVITY 

The Ph.D. degree in soil science requires a segment of original research 
work performance, to bring out creativeness of the student. Essential read- 
ing in the library will then become increasingly more interesting, relevant, 
and significant. As Reason and Marshall (1987) have summarized, the ad- 
visor*s intervention may foster growth in such categories as perspective, in- 
formation, comfort, catalysis, and support. But in no case will the Ph.D. 
student expect to be told step-by-step what to do, beyond the initial days, 
as emphasized by Candy (1991). 

It is important for the soils Ph.D. candidate to gain intellectual momen- 
tum by hands-on research in the laboratory and in the field. The supervisor 
can and should help these processes along. He will head a group of students 
out to examine instructive landscapes, to examine crops and soils in natural 
grassland and forest landscapes. Some samples will be brought back for 
laboratory analysis. Questions should be directed to the candidate, and some 
answers supplied as well. Once some momentum has been gained, the Ph.D. 
student may be surprised or even alarmed when items of specialized 
knowledge bring the student a step ahead of the advisor, which actually is 
to be expected. The doctoral thesis will reflect scholarship developed in these 
various ways (Bargar & Duncan, 1982). 



PROFESSIONAL RELATIONSHIPS 

The secret of success in advising Ph.D. students lies in the creation from 
the very first day onward of a warm interpersonal teachcr-student relation- 
ship by one-to-one discussions in the out-of-doors, laboratory and office. 
Congeniality will be used to smooth the potentially demoralizing transition 
of the student growing into professional responsibilities (Bargar & Mayo- 
C*hambcrlain» 1983). The professor is anxious that the Ph.D. student show 
up well initially, and on to the final oral examination (defense of the thesis). 
To the extent possible, the advisor should be the student's sponsor or represen- 
tative rather than an adversary. Having the student realize this helps to 
decrease the feeling of anxiety or panic that commonly threatens. A daily 



SUPERVISION OF Ph.D. LEVEL SOIL SCIENCE GRADUATE STUDENTS 65 

coffee break provides an opportunity for exchanging ideas between advisor, 
his student, and other students on an informal basis. A Saturday afternoon 
picnic or cook-out in the park or backyard at home does the same. On occa- 
sion, there will be a dinner at the professor's home. Departmental parties 
further extend the opportunity for congenial growth. A married graduate 
student family later on generally returns dinner invitations. 

As the degree work progresses, the successful Ph.D. candidate and the 
advisor will have directed their thinking closely together. By graduation time, 
they will be peer colleagues, a relationship that will endure and grow with 
others at regional, national and international meetings. Not infrequently a 
coming together to continue studies or even for a sabbatic leave will ensue 
over the years. Former students' students (grandchildren, so to speak) also 
will become colleagues and friends. Society field trips will be enriched, as 
former students are in attendance— an extended-family effect. 
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ABSTRACT 

The Ph.D. represents the culmination of formal education for most research scien- 
tists in soil science. Thus it is imperative that the doctoral experience be positive, 
supportive and constructive. The interactions of Ph.D. candidates with their advisors 
can profoundly shape their perceptions of the scientific method, the scientific com- 
munity and their future careers in soil science. Historically, much of this was con- 
veyed to students through frequent contact with their advisors. Students were often 
allowed to develop at their own pace and could rely on their advisors for extensive 
guidance. Unfortunately the growing demands for increased extramural funding, the 
need to meet contract deadlines, and the national trends of increased teaching work- 
loads for university faculty are potentially damaging to this relationship. Neverthe- 
less, Ph.D. advisors must recognize the developmental aspects of the doctoral 
experience and provide for sufficient time for the establishment of constructive 
advisor-advisee relationships with their graduate students. 



The Ph.D. degree represents the culmination of formal education in soil 
science. As such, the doctoral experience can have a profound influence on 
the professional and personal development of students. We have long recog- 
nized that the choice of course work and research topics can set the founda- 
tions for the technical skills on which an individual builds his or her career, 
but how much attention do we pay to the topics of scientific creativity and 
freedom, intellectual risk, and ownership of research ideas? What is the ex- 
tent to which these issues impact on our role as advisors of Ph.D. students 
in soil science? What influence is the changing role of agriculture and soil 
science in academia and our society having on these interactions? 1 will at- 
tempt to discuss these topics in the context of the formal education litera- 
ture and from my own personal perspectives. 

In a treatise on the cultivation of creative endeavor in doctoral research, 
Bargar and Duncan (1982), indicated that formal discussions and presenta- 
tions of research in texts, articles, and papers do not convey the true nature 
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of scientific inquiry. Such literature tends to portray scientific creativity as 
a linear progression of logical thought based on careful extrapolation of ex- 
isting knowledge. This is particularly true when one considers the develop- 
ment of a hypothesis. Yet as these authors point out, there is no discussion 
of the psychological means of how a sound hypothesis is created. Where do 
good hypotheses come from? How do we account for their originality, and 
their ability to stimulate the creative mind. How do we decide which hypoth- 
eses to work on? Traditional dogma would suggest that all of these issues 
are dealt with by linear, logical thinking, but this may not always be the case. 
Biographies of scientists, deemed creative and eminent by their peers often 
contain accounts of nonrational or intuitive insights into a given problem 
(Bargar & Duncan, 1982). This intuitive thinking leads in turn to the develop- 
ment of an apparently logical hypothesis. Kekule discovered the structure 
of the benzene ring during a dream of a serpent biting it's own tail. Whereas, 
this is perhaps the most renowned example of intuitive scientific thinking, 
it is by no means unique. It is not suggested that intuition and rtonrational 
insight should replace the formal deductive approach to scientific inquiry; 
but rather that it is a critical part of the entire process of ''creating new scien- 
tific thought.** A rigorous, ratioale development of linear logic may best serve 
to test, evaluate, clarify, and amplify a hypothesis. But creative intuition is 
still required to guide investigators in their search for knowledge. As Bargar 
and Duncan (1982) point out 

With emergent scientific insight often comes a sense of excitement and a valu- 
ing of the meaning and poieniial implications of the insight. This excitement 
and sense of value helps stimulate the commitment and dedication necessary 
to fruitful and sustained creative work. 

It is our task as advisors to facilitate the development of this insight and 
creative excitement in our students. This is a formidable task and there are 
no clear cut and simple ways in which to accomplish it. Yet the advisor can 
do much to create an environment conducive to creativity. Graduate students 
must be strongly encouraged to delve into the scientific literature. These ex- 
cursions should not be limited to narrow confines of their advisor's discipline, 
but should extend to many different areas in the physical and natural sciences. 
Often some of the most creative ideas involve transferring an approach or 
logic structure from one discipline to another. Concomitantly, doctoral stu- 
dents should be strongly encouraged to attend seminars and discussion groups 
in a broad range of subject areas. Exposure to many different concepts and 
perspectives can do much to stimulate the creative process. 

Change itself, can have a profound influence of the ability of a doctor- 
al student to act creatively. Bargar and Mayo-Chamberlain (1983) stress that 
''entering a graduate program often involves considerable dislocation of per- 
sonal life, including a geographic move and a lowering of income. The per- 
son's daily activities and schedule may have changed drastically, and the 
psychological environment may be sufficiently different to generate culture 
shock. It is natural for these conditions to prompt anxiety and raise doubts 
about whether the change in life-style is worth it. Students often feel at sea: 
Challenged and determined on the one hand and uncertain and anxious on 



ADVISING DOCTORAL STUDENTS IN SOIL SCIENCE 69 

the other/' They look to us as advisors for professional and academic 
guidance and encouragement. It is our responsibility to provide the proper 
environment conducive to the development of creative, intuitive thinking, 
while at the same time allowing each individual the time to find their own 
equilibrium in their new environment. 

The first point at which the doctoral advisor can aid in a student's edu- 
cation is in the development of his or her course program. Whereas, it can 
be assumed that all graduate students in soil science require a strong back- 
ground in the fundamentals of mathematics, statistics, and the physical and 
natural sciences, specific subject areas of emphasis should be chosen jointly 
by the student and the advisor. Barrage and Mayo-Chamberlain (1983) feel 
that **creative individuals see themselves as having the authority to behave 
with independence, to venture beyond the accepted into new terrain, and to 
be responsible for the outcome. They must summon the courage to aci on 
that vision.'' Such a vision is particularly relevant to the rapid changes oc- 
curring in the d'scipline of soil science. In the last few years, we have seen 
a diminishing of the perspective of soil science as a subdiscipHne of agricul- 
ture. In its place we have begun to recognize the significant contributions 
that soil science can make to the fields of ecology, environmental science, 
land use, and many other disciplines. This warrants a careful examination 
of each course program, to insure that it meets the needs and aspirations 
of both the advisor and the student. It is important to recognize that while 
an advisor may be concerned about the image projected by their students, 
and the impact that their courses may have on their immediate research ac- 
tivity, it is the student that must live with the consequences of the course 
choices throughout his or her career. They must be sufficiently vested in basic 
knowledge to allow them to accommodate changes in research focus through- 
out their lifetimes, but they must also be adequately educated to enter the 
work force upon completion of their degree. Overall, it is crucial that the 
advisor and the advisee arrive at a mutually shared perception of what 
represents an acceptable course program. Enrollment in classes offered by 
a variety of other disciplines, should not only be encouraged, it should be 
required. In the present climate of restricted university budgets and declin- 
ing enrollments this may seem at odds with departmental needs; neverthe- 
less, it is critical that we provide the greatest opportunity to foster creative 
thinking in our graduate students. This necessitates that they extend their 
formal education beyond the confines of soil science, and that they are readily 
^ able to communicate and interact with a broad scientific and public com- 
munity. 

Perhaps the most important aspect in developing creative thought 
processes in dissertation research is the selection of a research topic. Stu- 
dents come to this point through a number of different paths. Some enter 
graduate school with a clear and well charted research topic in mind, but 
most simply know that they wish to pursue graduate studies in a general sub- 
ject area such as soil genesis. Choice of a dissertation topic should begin early 
in the degree program so that the student's classes and readings may con- 
tribute as much as possible to the development of a viable hypothesis. Topic 
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development can be viewed as a problem solving process in which advisors 
take a facilitating role in helping students articulate and assess alternatives. 
The advisor should insure that the student chooses a research topic that is 
rigorous and warrants investigation. It is also highly desirable that consider- 
ation be given to what future employment opportunities may be available 
to the student upon completion of his or her research. At the same time, 
the advisor must maintain a degree of distance from the thesis topic to avoid 
excessive influence on the student's choice. Bargar and Duncan(1982) sug- 
gest that this can be accomplished by: 

1. encouraging the student to talk openly about all presently relevant 
aspects of the research endeavor; 

2. listening thoughtfully to the student's accounts; 

3. explicating at appropriate times the advisor's understanding of what 
the student has said; and 

4. asking the student to confirm or disconfirm the advisor's understand- 
ing of the student's present view of the creative research endeavor. 

This model clearly suggests thai the choice of a research topic should be made 
after careful consideration by the student and his or her advisor, but that 
the primary choice of subject area should be made by the doctoral student. 
Such an approach represents an ideal model of doctoral education. Unfor- 
tunately, there are many pressures that make complete adoption of such an 
approach quite difficult. 

One such pressure is funding. Since about 1985, agricultural research 
in general, and soil science research specifically, has experienced some dra- 
matic changes. Formula funded research supported by Agricultural Experi- 
ment Station moneys has greatly diminished in many academic institutions. 
To some extent, this has led to a decline in agriculturally oriented soil science 
research. Perhaps more importantly, American universities nation-wide are 
facing moderate to severe budget cuts and financial set-backs. In many in- 
stitutions this has led to a reduction in institutional graduate student sup- 
port. Many departments that conduct graduate education in soil science have 
less dollars for graduate student assistantships. Concomitant with these reduc- 
tions in institution dollars, has been an increase in the number of opportuni- 
ties for extra-mural research in soil science. Much of this research is driven 
by concerns about land use and the environment. Issues such as nuclear and 
hazardous waste disposal, surface and ground water contamination by in- 
dustrial and agricultural chemicals, global climatic change, and sustainable 
agriculture are all taking soil science in new directions. These new funding 
opportunities can open many doors for us as research scientists that allow 
us to broaden the perspectives and experiences of our students, and provide 
them with research stipends; but what do they do to our student's scientific 
creativity? If we as principle investigators write grant proposals with clearly 
defined specific hypotheses, can we let our students conduct these projects 
as their dissertation research? If so, what has happened to the student's in- 
put in hypothesis development, and how are we as advisors fostering their 
creative thinking. One answer to this potential dilemma would be to prepare 
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grant proposals cooperatively with graduate students, however this is often 
difficult due to logistical constrains (funding and time). Clearly the changes 
in funding sources will continue to change the research that we conduct as 
soil scientists, which in turn may change the creative freedom that we can 
allow our students to have in choosing their research topics. The challenge 
then is to maintain sufficient input from the student, so that the doctoral 
research truly contains their creative ideas, while addressing the needs and 
goals specified in a research contract. 

On the topic of conducting the dissertation research, Bargar and Mayo- 
Chamberlain (1983) indicate that **advisors can be of genuine assistance dur- 
ing the research process with a variety of activities ranging from the prac- 
tical aspects of research methodology to the more subtle aspects of synthesis 
and critical review." The stimulation of students to arrive at their own criti- 
cal thinking and synthesis is stressed. This ideal model must also be evalu- 
ated in light of the changes in our discipline. How much freedom can we 
give a student that is working on an external sponsored research project for 
his or her dissertation research? Graduate students must be allowed to make 
mistakes and find their own solutions to problems in their research. They 
must be encouraged to take risks and to explore new directions. This can 
cause an enormous amount of self doubt and introspection. If they are work- 
ing on a truly new area, doctoral students can feel as though they are stand- 
ing alone, on the edge of a frontier, possibly in opposition to established 
scientific dogma. On these points, advisors must encourage their students 
to follow their visions, while simultaneously guarding against truly wrong 
directions. This can be a timely process. ''Creative individuals, cannot com- 
mand, cajole, or force their own minds to be productive but must in fact 
learn to cooperate with processes and forces that move by their own timing 
and not at the will of the conscious ego," (Bargar & Duncan, 1982) or in 
the case of graduate students, at the will of their advisors. Yet, to insure 
continuous and future funding the graduate advisors must file research reports 
to externa' funding agencies in a timely manner. They must conduct good 
and judicious research. In the absence of external funding, inadequate 
research results can remain internal to the educational institution. In the worst 
cases a graduate student may not complete his or her degree. While such 
incidents are clearly tragic and undesirable they generally have stronger im- 
pacts on the advisee than the advisor. If a given research activity is funded 
by an external agency, however, the doctoral advisor will probably bare 
primary responsibility for its outcome. Principal investigators generally can- 
not abdicate responsibility for research conducted under their guidance by 
blaming it on an inadequate student. So we have a quandary. Students need 
to be able to make mistakes, but advisors need error free, rapid research. 
This is an issue that is not readily resolved, and is likely to be a growing 
problem in our discipline as we continue to shift away from formula funded 
to competitive research activities. As advisors, we must approach this issue 
with open and directed caution. 

Ownership of research ideas is a topic related to graduate student free- 
dom and creativity. *Tor all practical purposes, in doctoral work, owner- 
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ship is shared; but students must be given every reasonable opportunity to 
take responsibility for a problem and its solution*' (Bargar & Mayo- 
Chamberlain, 1983). How is this readily accomplished if the student's research 
topic is part of a grant proposal written by his or her advisor? Does not the 
advisor have vested interest in the ownership and outcome of the research. 
Under these conditions, it is possible for an advisor to discover their own 
solutions to some aspect of the student's research problem and to believe 
that their solutions are the correct approach, as opposed to some solution 
that the student may propose. In such instances, the advisor has assumed 
intellectual ownership of the student's research. This can lead to feelings of 
intellectual inadequacy in the student and possibly future conflicts with the 
advisor. Ownership of research concepts is a difficult issue, perhaps best 
described by Bargar and Mayo-Chamberlain (1983), **Given the dynamics 
of the mentor-mentee relationship in advising, the problem of ownership c^n 
be subtle and potentially troublesome." 

What then is the ideal role of the professor In advising doctoral stu- 
dents in soil science? The advisor must serve as both a resource and a role 
model for the student. In the former case, the advisor makes available to 
his or her students, their previous experience, their research methodologies 
and expertise and their perspectives on the future of the discipline. In doing 
so they must maintain a strong interest and involvement in the student's 
research, while being distant enough to provide objective evaluation. In the 
later case the advisor can share with the student their excitement and en- 
thusiasm for science, and the ways in which they balance their careers and 
their personal life. Additionally, the advisor must play an ever increasing 
role as grantsman and employer, obtaining external research dollars to sup- 
port the financial needs of the student. As discussed above, this can provide 
additional sources of strain for the advisor-advisee relationship, regarding 
issues of timeliness and quality of the student's research activities. In some 
instances, it can also reduce the advisors role to one of a fund-raiser, rather 
than an educator. Ideally, the advisor maintains a balance between research 
director, intellectual guide and confidant, and employer, keeping both his 
or her interests and those of the graduate student in focus. 

Perhaps the greatest contributions that we can make to our profession 
as soil scientists is the successful education of doctoral students as soil scien- 
tists. The development of human potential can far exceed the impact that 
we might make through the development a new postulate or theorem, It is 
our responsibility as educators to insure that this is a positive and suppor- 
tive process. We must give our students the freedom to develop their own 
scientific creativity, and to stumble through the pitfalls and setbacks at their 
own pace, while at the same time recognizing our commitment to funding 
agencies and to society as a whole to produce quality scientific information 
in a timely fashion. This can be an arduous task, but the rewards far exceed 
the effort. 
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ABSTRACT 

Two different questionnaires were sent separately to soil science graduate stu- 
dents at U.S. and Canadian universities, and to their faculty advisors. Among other 
things, these questionnaires were meant to serve as a basis for an analysis of various 
aspects of the advisor-advisee relationship. This analysis revealed a numbe» of areas 
that are prone to misunderstandings and miscommunication. They include the level 
of directiveness of the advisor, the preparation of the students for their future career, 
and the difficult issue of the ownership of the research output, in spite of frequent 
divergences of perception on these points, advisees and advisors nevertheless, expressed 
views on each other's performance, that were generally positive. 



For many graduate students, the quality of the human relationship they have 
with their advisor is an essential component of their M.S. or Ph.D. program. 
Sorenson and Kagan (1967) considered it so essential that they suggested that 
instead of selecting among applicants for graduate studies solely on the ba- 
sis of academic attainment, **what is needed instead is a system of selection 
and guidance that takes into account the abilities, personality traits and ex- 
pectations of faculty members and students, and matches each student to 
a sponsor with whom he or she will be compatible." 

Without going necessarily as far as this psychological maich-making, 
it seems important, for the graduate experience to be successful, to make 
sure that the advis^T-advisce relationship be positive, open, frank, and sup- 
portive. Of course, as in any relationship, one expects that the student and 
his or her advisor will not always sec cye-lo-c\c on everything. In some cases, 
it may take several or even many years for Ihe student to understand bis or 
I.cr advisor's viewpoint on certain issues. Nevertheless, it seems important 
for both parties involved to be willing to spend the amount of time needed 
to establish a good dialogue, so that each knows precisely where the other 
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Stands. Concerted efforts should be made by both parties to quickly resolve 
any misunderstanding or miscommunication that may, and often does, arise 
during the course of M.S. or Ph.D. programs. Diagnosing'these gaps in per- 
ception is not always straightforward, however. 

The primary objective of the research described in the present chapter 
was to ideiitify the aspects of the advisor-advisee relationship that are most 
prone to misunderstandings or communication gaps. This required us to solicit 
input both from students and from their advisors, an exercise that apparent- 
ly had never been done previously in this particular context. It is hoped that 
the research findings reported in the next few pages will be of interest and 
of some help to boil science graduate students and to their advisors. 



MATERIALS AND METHODS 

The objective outlined in the introduction above could have been reached 
in a number of ways. We decided to have recourse to survey instruments. 
They suffer from a number of drawbacks (e.g., Wiersma, 1969; Best, 1970), 
not the least of which is the necessary assumption that the individuals sur- 
veyed have a sufficient grasp of English to understand the survey questions 
(several faculty supervisors argued that it was not true of their advisee). Sur- 
vey instruments, however, have the definite advantage that they albw inves- 
tigators to work with large samples, representative of the whole population. 
To minimize some of the very real difficulties associated with the design of 
these survey instrum.ents, we chose to modify an existing instrument, con- 
ceived and thoroughly tested to meet objectives similar to ours, even though 
its authors (Rugg & Norris, 1975) were concerned only with students' per- 
ceptions. 

Survey Instruments 

The 51 item supervisor rating instrument developed by Rugg and Nor- 
ris (1975) was used as a starting point in the elaboration of two survey in- 
struments appropriate for the purposes of this study. Some of the items in 
Rugg and Norris' (1975) instrument were slightly modified whereas others 
were entirely eliminated. Also, a number of new items were added to cover 
specific aspects not addressed in Rugg and Norris' (1975) survey. The stu- 
dents' survey instrument was pretested within the Department of Soil, Crop, 
and Atmospheric Sciences at Cornell. Various comments and suggestions 
resulting from this pretesting were taken into account in revising the initial 
instrument format. 

The final survey instruments that were sent to the 300 students and to 
their faculty supervisors consisted of three parts: (i) a list of 33 statements 
on various aspects of the supervisor-student relationship; (ii) a series of state- 
ments on the level of satisfaction of the supervisor with the student or, for 
the student, with the faculty supervisor, and (iii) two questions concerning 
the major function of the faculty advisor. 
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In the first part of the survey instrument sent to the faculty supervisors, 
the 33 statements, listed in sequence from 1 to 33, were as follows (the per- 
centages after each question will be referred to in * later section of this 
chapter). 

RS: Respect for students 

2. You encourage independent work on the part of the student. 

3.9970 

8. You decide in detail what is to be done in the research and how it 
is to be done. 30.9970 
20. You have difficulty communicating in meetings with the student. 

16% 

22. In publications and talks, you take personal credit for the student's 
work. 22.9970 

23. You have little confidence in the student's ability and integrity. 

11.1970 



SG: Structure and Guidance 

4. You give appropriate constructive criticism of the student's work. 

1697o 

6. You help to relate the student's project to the student's short term 
and long term goals. 1997o 
12. You help to clarify specific objectives to be met by the student dur- 
ing the research. 16.4% 
16. You are willing to recognize the limits of your knowledge, expertise. 

16.397o 

18. You direct the student to other relevant resources or individuals with 
expert knowledge. 13.397o 

24. You are uninterested in and unenthusiastic about the student's 
project. 10.4970 

26. You recognize work well done by the student. 1 1.297o 

29. You are concerned about the overall value of the experience for the 
student. 18.497o 

30. You schedule consultation-progress report meetings with the student. 

19.3970 

31 . You involve the student in the entire research process, from writing 
the proposal to publishing the results. 10.797o 

RP: Research Productivity 

5. You are actively engaged in research. 1 1.697o 

28. You frequently submit articles and manuscripts for publication. 

9.1970 
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RM: Research Methods Expertise 

15. You are very familiar with research design principles. 



13.3% 
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IR: Interpersonal Rapport 

10. You treat the student like a collaborative colleague. l7.2^o 
14. You pay attention to other aspects of the student's life besides the 
student's studies. 28.7^o 



ST: Stimulating Teaching 

9. You enjoy supervising graduate students. 14% 
1 9. You are familiar with the content of a wide variety of specialty areas 

and related fields. 10.2% 
25. You confront the student with alternate procedures, interpretations, 

and ways of expressing ideas. 22.8% 



SA: Supervisor Accessibility 

7. You often have difficulties, because of other constraints, to sched- 
ule time for meetings wuth the student. 10,1% 
21. You are willing to provide help when the student needs it. 8,8% 



SM: Subject Matter Expertise 

I. You demonstrate comprehensive knowledge on topics of interest to 
the student. 11.6% 

11. You are familiar with current developments in the student's field 
of interest. 13.2% 

17. You have professional and research interests that overlap with the 
student*s. 13.2% 

CT: Communications Training 

3. You help the student to give better lectures/seminars, 15,3% 
27. You provide helpful critiques of the student's writing style. 

14,2% 



CP: Career Preparation 

13. You help the student to make contacts that could be useful for the 
student's career. 27.3% 

32. You are concerned about preparing the student for all aspects of 
the student's future career, not just for the research 29.84% 

33. You arc willing to provide financial support so that the student can 
attend scientific conferences. 22.1% 

The headings in this list were not included in the survey instruments. 
They correspond to nine of the 10 first-order orthogonal factors identified 
by Rugg and Norris (1975), supplemented by a new factor labeled Career 
Preparation. The Faculty Maturity factor of Rugg and Norris (1975) was 
not used. In the research described in the present chapter, no attempt was 
made to carry out a factorial analysis similar to that of Rugg and Norris 
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# 


How satisfactory do you find: 


Very Very 
unsatisfactory satisfactory 


34 


the overall performance of the student 


□□□□□□□ 


35 


progress made to date by the student 
toward his/her research objectives 


□□□□□□□ 


36 


the student as learner 


□□□□□□□ 


37 


level of independence of the student 


□□□□□□□ 


3« 


your social relation with the student 


□□□□□□□ 


39 


the response of the student to your 
supervision 


□□□□□□□ 



Fig. 10-1. Second part of the survey instrument sent to the faculty advisors. 

(1975). The headings should, therefore, not be looked at, at this stage, as 
more th?.n a convenient, but very approximate, way of classifying the sur- 
vey questions. 

In the survey instrument sent to the graduate students, the 33 statements 
above were suitably modified to address the students* viewpoint, without 
however changing their meaning in the least. For example, the first state- 
ment (no. 2) in the list above became: "Your faculty supervisor encourages 
independent work on your part**. 

The students and their faculty supervisors were asked to react to the 
33 statements via a seven-point Likert scale ranging from no/almost never 
to yes/almost always. As in the survey instrument of Rugg and Norris (1975), 
there was no systematic arrangement of the statements, aside from the fad 
that negatively worded statements (e.g., no. 24) or statements normally in- 
viting negative responses (no. 20) were interspersed with positively worded 
items to discourage the respondents from adopting automatic response 
patterns. 

The second part of both survey instruments was a short series of state- 
ments concerning the level of satisfaction of the student with the faculty su- 
pervisor, or vice versa. In the survey instrument sent to the advisors, there 
were six such statements (Fig. 10-1). The student's survey instrument, on 
the other hand, had nine statements directly inspired by the work of Rugg 
and Norris (1975). They addressed such issues as faculty supervision (no. 
34), subject matter (content) learned (no. 35), supervisor's interpersonal style 
(no. 36), overall value of the experience (i.e., your current degree program) 
(10. 37), supervisor's subject matter expertise (no. 38), research skills learned 
(no. 39), supervisor as teacher (not only in classroom!) (no. 40), progress 
toward your initial goal for the experience (no. 41), supervisor's research 
method expertise (no. 42). In both survey instruments, seven-point Likert 
scales were used. 
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GENERAL PERCEPTION ' 

According to Brown (1968), the faculty supervisor has three major functions: 

(1) to identify references and resource individuals appropriate to the student's 

project concerns 

(2) to provide constructive feedback to the student on the plan of action 

developed to achieve project goals 

(3) to meet regularly with the student to review, evaluate, and discuss student 

progress in order to maintain motivation and "product-oriented" behavior. 

Which of these functions would you rank as most important? 

(1) □ (2) □ or (3) □ ~ 

Which one would you rank second? 

□ (2) □ or (3) □ 



Fig. 10-2. Third part of the survey instruments, sent both to the advisees and to their advisors. 

The third part of both survey instrumenis (Fig. 10-2) consisted of two 
questions concerning the major functions of the faculty supervisor, as de- 
fined by Brown (1968). 

Before nailing them, both survey instruments were identified by three- 
digit numbers, which allowed us eventually to match each student's responses 
to those of his or her advisor. In the cover letter we sent with the survey 
instruments, we assured students and faculty advisors that their identity w^ aid 
never be revealed to anyone, in other words that our analysis of the data 
and our reporting of the results would be strictly name-blind. 

Students List 

Sixty-six institutions in the USA and Canada currently offer graduate 
degrees in soil science. A request was made to all of them, in early 1992, 
for a list of their M.S. and Ph.D. students in this field, along with informa- 
tion on these student's gender, nationality, and degree program, as well as 
on the name of their advisor. All institutions except five responded to this 
initial survey, providing data on a total of 1280 students. Summary statistics 
for this preliminary part of the research are available in Baveye and Ver- 
meylen (1993). 

In this initial list of 1280 students, but at the exclusion of the Cornell 
graduate students, three hundred names (i.e., 23.4^o) were selected randomly, 
using a random number generator, under the constraint that no two students 
in the short list would have the same graduate advisor. In practice, when 
a violation of this requirement occurred, the name of the second student 
chosen was discarded and the random selection process was repeated one 
more time. The random nature of the sampling as well as the relatively large 
size of the sample, compared with the total population, insured the absence 
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1 2 3 4 5 6 
Student's response 



Fig. 10-3. Schematic illustration of the three regions 
used in the analysis of differences in perception 
between advisees and advisors. 



of significant bias. Indeed, the composition of the sample of 300 students 
closely approximated that of the total population (comparison in Baveye & 
Vermeylen, 1993). 



mc 



Method of Analysis 

In order to identify possible divergences of perception between faculty 
supervisor and student, a graph like that of Fig. 10-3 was plotted for each 
one of the first 33 statements of the survey instruments. These graphs were 
then divided into three regions. A point falling in Region B means that the 
response of the advisor and of the student differed by at most two units on 
the Likert scale, suggesting a reasonable concordance of views. In Regions 
A and C, the differences are strictly larger than two and indicate a nonnegligi- 
ble divergence of perception. 

Which one of Region A or C was retained in the final analysis of the 
data varied from statement to statement. For most of the positively-worded 
statements, the points in Region A were retained because they were the only 
ones that were considered to have the potential to lead to conflicts. On the 
other hand, for these same statements, the points in Region C have proba- 
bly little negative impact on the advisor-advisee relationship. This situation 
was of course reversed in the cases of the negatively-worded statements (no. 
7 and 24) or of the statements inviting low responses on the Likert scale (no. 
20 and 22). There, Region C was retained instead. In two cases (no. 8 and 
14), both Regions A and C were retained because both were considered to 
have the potential to lead to misunderstandings between advisor and student. 
For example, for statement no. 14, severe miscommunication would occur 
if the advisor considers that he or she pays a lot of attention to the student 
as a person, while the student feels that his or her advisor could not care 
less. On the other hand, there is a risk of perceived intrusion if Ihe advisor 
considers that he or she pays little attention to the student*s life, while the 
student feels exactly the opposite. 

For each statement in the first part of the survey instruments, the final 
result of the above analysis was expressed as the percentage of critical points 
(in Region A or Region C, or in Regions A and C) compared with the total 
number of data points for that statement. 
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Other statistical analyses, like the Pearson correlation analysis, were also 
carried out on the data. Further details on the methods used and on the results 
obtained are provided in Baveye and Vermeylen (1993). 



The average rate of return of the students* survey instruments v/as 55^o, 
while that for the faculty supervisors was significantly higher, at 12%. Vari- 
ous reasons for this difference are analyzed by Baveye and Vermeylen (1993). 
They include the much higher mobility of the students as well as the fact 
that some departments do not seem to update their students lists on a regu- 
lar basis. In 139 cases, survey instruments were completed and returned by 
both the student and his or her advisor. Elimination of pairs where, for var- 
ious reasons (e.g., low proficiency in English, minimal interaction between 
official advisor and student), the responses were not considered very relia- 
ble, reduced the sample number to 128. The composition of the student body 
in this pool was reasonably similar to that of the total population (Table 
lO-l). Except for Group 1, all the female groups were more represented in 
the sample than they were in the general population. This translates into a 
gender bias of 5.397o in favor of the female students. In comparison, the na- 
tionality and degree biases were very small; the first was only 0.697o in favor 
of the foreign students, while the second amounted to 1 .5%, in favor of the 
M.S. students. 

On a number of the forms, comments had been written in the margin, 
indicating that some of the statements had been considered ambiguous or 
unclear. Whenever this was the case, the responses to the particular state- 
ment in question were not entered in our database, to avoid any confusion. 

With respect to the major functions of the faculty supervisor, as de- 
fined by Brown (1968) (Fig. 10-2), there is a remarkable similarity of views 
among advisors and students. In both populations, slightiy more than one- 
half of the respondents chose Function 2 (Fig. 10-2) as the most important 



Table 10-1 . Composition of the sample and of the total population of soil science gradu- 
ate students. (Nationals are defined as Canadians in Canada and U.S. citizens in U.S. 
institutions). 



RESULTS AND DISCUSSION 



Group 



Description 



Soil science students 
population 



Sample 



II 
III 
IV 
V 
VI 
VII 

vin 



Female, national. M.S. 
Female, foreign. M.S. 
Male, national. M.S. 



U.3 
3.7 

24.6 
8.7 
5.6 
4.6 

19.3 

22.1 



7.0 
8.6 
25.8 
8.6 
9.4 
5.5 
18.0 
17.2 



Male, foreign. M.S. 



Female, national. Ph.D 
Female, foreign. Ph.D. 
Male, national. Ph.D. 
Male, foreign. Ph.D. 
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function, with 40%' choosing Function 3 instead. The responses of the ad- 
visors and of the students were not significantly different. 

The results of the analysis by regions have already been provided earli- 
er. In the list of 33 statements in the previous section, we have written next 
to each statement the percentage of responses that suggested a strong diver- 
gence of perception between advisee and advisor. 

Since the statements were classified according to 10 general factors, one 
way to analyze these percentage data would be to calculate their mean for 
each factor and to rank these means. In this case, career preparation would 
come ahead (with a mean of 26.4<Vo of disagreements), followed by interper- 
sonal rapport (23%) and respect for students {11%). Surprisingly, supervi- 
sor accessibility is at the bottom of the pack, with only 9.5% of disagreements. 
As informative as this quick analysis may be, it is, however, limited by the 
fact that, as we have already mentioned earlier, the factors used above to 
classify the 33 statements are to a large extent arbitrary. 

A better approach consists of analyzing individually the statements with 
the highest percentages of disagreements. The Five statements with the highest 
percentages of apparent disagreements are: 

8. The advisor decides in detail what is to be done in the research and 
how it is to be done. 30.9<Vo 
32. The advisor is concerned about preparing the student for all aspects 
of the student's future career, not just for the research. 29.8% 
14. The advisor pays attention to other aspects of the student's life be- 
sides the student's studies. 28.7^^0 
13. The advisor helps the student to make contacts that could be useful 
for the student's career. 21.3% 
22. In publications and talks, the advisor takes personal credit for the 
student's work. 22.9o?o 

As with any survey instrument, part of the disagreements may stem from 
the way the statements are worded. One should therefore interpret these 
results with caution. Nevertheless, the disagreements are in some cases so 
severe, with a 7 mark for the advisor and a 1 for the student, or vice-versa, 
that it is hard to imagine that they could be ascribed entirely to a problem 
of semantics. While the actual numbers should probably be taken with a grain 
of salt, the above percentages suggest that the aspects of the advisor-advisee 
relationship addressed by these five statements should be the object of a 
special effort of communication. 

In the five statements above, it is interesting lo note that two (no. 32 
and 13) deal specifically with preparing the students for their future career, 
lo some extent this may be a reflection of the current economic crisis; the 
bleak job market makes students somewhat nervous about their future em- 
ployment, after they leave the university, fhey feel apparently that their ad- 
visors are not doing sufficiently to address their concerns in this respect. 

Almost 23% of the studies surveyed disagreed, sometimes strongly, with 
their advisor concerning the level of personal credit the latter takes for the 
student's work (statement no. 22). This difficult question of ownership of 
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Fig. 10-4. Distribution of the number of apparent disagreements per student, based on the stu- 
dents* and advisors' responses to the 33 paired statements of the survey instrument. 



the results of the graduate research has been addressed in the past by a num- 
ber of authors (e.g,, Bargar & Duncan, 1982). They suggest that in practice 
ownership of the research often is shared. It is therefore as unrealistic for 
the student as it is for his or her advisor to claim all the credit, as tempting 
as it may be for either of them to do so. The above result suggests that in 
close to 25^0 of the cases, advisees and advisors have not reached any kind 
of consensus on their respective level of ownership of the research outputs. 

A possible criticism of the above percentages is that they are perhaps 
the result of a fraction of the students having a very conflictual relationship 
with their advisors, while the vast majority of the students have no commu- 
nication problems whatsoever. If wc plot the number of apparent disagree- 
ments per student (Fig. 10-4), it appears however that the students having 
a large number of apparent disagreements with their advisor are a small 
minority. At the other end of the spectrum, the students with absolutely no 
apparent disagreements with their advisors are also in a minority (at 13^/o). 
The majority of the students have a small (<5) number of disagreements. 
The latter, first analysis, do not seem correlated v/ith gender, nationality 
or degree program (further details in Baveye & Vermeylcn» 1993), 

The above analysis suggests clearly a number of areas where there is 
room for improvement in the communication between advisees and advi- 
sors. On the basis of these results, one would expect that, in the satisfaction 



ADVISOR^ADVISEE RELATIONSHIP 



85 



1 2 3 4 5 6 7 

Student's level of satisfaction 

Fig. 10-5. Distribution of students' responses to question no. 34: How satisfactory do you find 
faculty supervision?. The level of satisfaction ranges from very unsatisfactory (I) to very satis- 
factory (7). All available students* responses were used to establish this diagram. 

part of our survey, the students would appear dissatisfied or at least some- 
what dissatisfied with the relationship they have with their advisor, and vice- 
versa. In fact, it is surprising to find that the opposite is much closer to the 
truth. In a vast majority of the cases (Fig. 10-5), students declared them- 
selves satisfied and, for 30% of them, very satisfied with their advisor's su- 
pervision. At the same time, the advisors were in general very pleased by 
their relationship with their students and with the Iatter*s performance. For 
example, in response to the statement nc. 37 (Fig. 10-2), 4297o of the faculty 
supervisors found very satisfactory the level of independence of their stu- 
dents (Fig. 10-6). Similar results were obtained for all other statements in 
the second part of the survey instruments. These observations, however, have 
to be taken with caution at this stage. Further analyses (reported in Baveye 
& Vermeylen, 1993) are needed to assess whether this euphoric outlook is 
real or only apparent. 
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Fig. 10-6. Distribution of faculty supervisors' responses lo question no. 37: How satisfactory 
do you find the level of independence of the student?. The level of satisfaction ranges from 
very unsatisfactory (!) lo very satisfactory (7). 
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ABSTRACT 

A questionnaire was mailed to 216 current and former graduate students who 
had received or were pursuing degrees in soil and crop sciences from five U.S. univer- 
sities. The objective of ihe questionnaire was to obtain an expression of opinion on 
pertinent issues related to graduate and continuing education from current and former 
students from developing countries. The questionnaire was divided into four sections, 
namely, purpose and support, background, graduate program, and follow-up. 
Responses were received from 127 people from 49 countries. Most of the respon- 
dents were satisfied with their classes and thesis research training. From the ques- 
tions and the narrative comments it was apparent that they would have profited from 
a broader experience in the USA. Better exposure to the Land Grant University sys- 
tem of teaching, research, and extension is needed. Few had training or experience 
in communicating with farmers and almost one-half said they had no exposure to 
practical U.S. agricuUure. Some thought that training or additional experience in class- 
room teaching would have been desirable, n number thought that they would have 
profited from working with their advisor and in the department in a leadership role 
so that they could apply that experience in their home country. After returning to 
their home country they felt closer contact with U.S. universities would be extremely 
helpful. Sabbaticals, visits to the USA, exchange visits to their country by U.S. scien- 
tists, attendance at internationai meetings, newsletters, and exchange of reprints were 
suggested. Clearly, U.S. university faculty need to be alert for opportunities to broaden 
student experience while in the USA and to continue contact with the degree recipients 
after they have returned home. 
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Meeting the needs oi a quality graduate education for agronomic students 
from both developing and developed nations has long been a challenge for 
U.S. universities. While training procedures in basic science, research and 
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teaching are fundamentally the same for all students, the backgrounds of 
students from the developing countries, and future application of their train- 
ing are often quite different when compared with students from developed 
countries. In agronomy, a natural resource profession, agroecological differ- 
ences among regions of the world, as well as social, cultural, and political 
differences make application of information to solve human and environ- 
mental concerns extremely complex. 

Many questions have arisen over the yeara as to how graduate programs 
in agronomy should be structured to meet the needs of international students. 
One group of concerns includes the degree to which training in basic vs. ap- 
plied science, use of expensive equipment vs. practical equipment, field vs. 
laboratory research, and research vs. teaching should be emphasized. In decid- 
ing what emphasis should be given to an individual student or to a graduate 
program, one should consider the needs of the country or geographical region 
in which the scientist is going to work. 

A number of studies have addressed the educational needs of students 
from developing countries, both at the graduate and undergraduate levels 
(Williams etal., 1963; Leeetal., 1981; Arnon, 1989a, b; Caddel, 1991). While 
educators* experiences and thoughts have most often been reported, some 
have also included resuUs of student surveys (Lee et al., 1981); however, none 
of the surveys to our knowledge, have been solely concerned with the need 
of graduate education for students in soils and crops. 



QUESTIONNAIRE 

To help us in analyzing the educational needs of graduate students from 
developing countries, we designed a questionnaire for current and former 
students from developing countries to obtain an expression of their opinion 
on pertinent issues related to graduate and continuing education. The issues 
included in the questionnaire were based on the authors* experience with in- 
ternational students and graduate programs. Because of time limitations be- 
tween the invitation and manuscript due dates, the questionnaire was 
purposely brief to ensure a good return rate. The questionnaire was sent to 
216 individuals from 49 countries, all of whom were students or former stu- 
dents in soil and crop sciences at the Univesity of Minnesota, Cornell Univer- 
sity, North Carolina State University, Texas A&M University, and the 
University of Hawaii. 

The questionnaire was divided into four sections: A. purpose and sup- 
port (2 questions); B. background (6 questions); C. graduate program (15 
questions); and D. follow-up (5 questions). In addition, a request was made 
for narrative opinions and suggestions as to how graduate programs could 
be improved. 

Responses to the questionnaire were received from 127 individuals (59^^o)« 
All questions were completed by most respondents, and SlVo offered writ- 
ten suggestions. Table 11-1 summarizes the number of questionnaire respon- 
dents from different areas of the world; there was a good global distribution. 



EDUCATIONAL NEEDS OF STUDENTS Fr.OM DEVELOPING COUNTRIES 

Table 11-1. Number of questionnaire respondents from areas of the world. t 



Geographic area 

Africa 
Asia 

Pacific, Australia 

New Zealand 
Europe 

Central and South America 
North America 

(Canada, Mexico) 
Southeast Asia 

Total 



Currently in graduate 
degree program 

7 
8 

0 
9 
14 

5 
1 

44 



Have received a 
graduate degree Total 



20 27 

13 21 

4 4 

4 13 

28 42 

6 11 

8 9 

83 127 



t If the student had received a M.S, degree from a U.S. institution and was now working 
on a Ph.D., the student was counted as being a current student. 



The responses to the questionnaire were not compared by areas or degree 
status because the numbers did not represent an adequate statistical sample. 
A cursory examination of the responses, however, suggested no major differ- 
ences between regions or degree status. 

Table 11-2 presents a profile of the respondents broken down into crop 
and soil scientists and current and former students. A total of 53.49/o were 
soil scientists and 46.507o were crop scientists. Thirty-two percent were cur- 
rent students and 68^70 were former students. Of the former students, 50.897o 
of the totars terminal degree were a Ph.D. and 17.0970 were a M.S. degree. 
Most of the current students are working toward a Ph.D. degree. 
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Table \ Profile of questionnaire respondents. 
Classification 



Current students working on: 
Past students receiving: 

Current students working on: 
Past students' receiving: 



Soils 

M.S. 
Ph.D. 
Total 

M.S. 
Ph.D. 
Total 

Crops 

M.S. 
Ph.D. 
Total 

M.S. 
Ph.D. 
Total 



Percent 



2.5 
11.9 
14.4 

6.8 
32.2 

'39.0 



3.4 
14.4 
17 8 

10.2 
18.6 
28.8 
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RESULTS AND DISCUSSION 

The results of the questionnaire, our interpretation, and discussion fol- 
low in the order of the sections of the questionnaire. Each section first sum- 
marizes the results of the questionnaire and then presents the authors* 
interpretations and comments (interpretation). The questionnaire and a tabu- 
lation of the results are given in Appendix 1. 

Purpose and Support 

Results and Questionnaire 

The purpose of Question I (Ql) was to test whether the student's primary 
interest initially was to be a problem solver in his or her home country or 
his or her aim was to become a scientist or teacher who could compete on 
the international market. 

Sixty percent of the respondents considered that their pursuit for an ad- 
vanced degree in a foreign country was to enhance their skills as a scientist 
or teacher; 33<^^o to learn skills to better tackle agricultural problems in their 
home country. 

Funding support for students (Q2) was predominantly from either the 
employer in their home country {26^o) or the host institution in the USA 

Interpretation 

Because the responses were not exclusive of each other, we interpret the 
answers to Ql to indicate that students want to be able to compete as an 
international scientist, while also helping to solve the problems of their home 
country. 

We did not try to determine the sources of support provided by the host 
institution that funded their education; the original source of funds for many 
may have been a government agency such as USAID. 

Background 

Results of Questionnaire 

The objective of this section (Q3~8) was to obtain an expression of the 
proportion of students who felt handicapped at the start of their graduate 
study because of inadequate command of the English language or scientific 
background. 

Most of the respondents {88^/o) did not have English as a native lan- 
guage. Fifty-four percent had language training before starting graduate work 
in the USA. Most of the respondents met all English requirements (lO^o), 
and were not required to take additional English training after entering gradu- 
ate school in the USA. Understanding English in classes or communicating 
with faculty was either a minor problem or not a problem from the outset 
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(90o/o); however, 10% indicated communicating in English was a major 
problem. A large majority of the students felt that they had an adequate 
background in basic sciences (91%) and in crop or soil sciences (81%). In 
thv .arrative responses, a number recommended a light classroom schedule 
be taken during the initial months so that more time would be available to 
improve their English and to become oriented and adjusted to the institu- 
tional and cultural environment. 

Interpretation 

Our experience is that communicating in English is less frequently a 
major handicap than it was a few decades ago, however, to a few students 
it is still a severe problem. Faculty should be alert to the need for additional 
formal training in English as well as the need for language practice with other 
students and faculty. Sorting graduate work without an adequate knowledge 
of English can be traumatic. A few respondents felt that American profes- 
sors should have more familiarity or appreciation of languages other than 
English. 

It is sometimes difficult to determine accurately a student's adeptness 
in basic science because of difficulty in interpreting the curriculum from their 
home country. While our survey was not extensive enough to quantify the 
data by countries or sections of the world, our experience is that there are 
differences. In case of doubt, advisors should query or test the student's skills 
and suggest remedial classes, if necessary. 

Graduate Program 

This section consists of 15 questions. They can be grouped into the fol- 
lowing interrelated categories: experience and preparation at the start of their 
graduate education (Q9-10), quality of their research experience (Qll-15), 
research location (Q16-18), other experiences (Q19-23). Since some of the 
questions may have implications to more than one aspect of graduate pro- 
gram, our commentaries have not always been limited to the categories under 
discussion. 

Experience and Preparation 

Results of Questionnaire. In Q9, we queried the respondents as to their 
experiences when they first started graduate school. Our hypothesis was that 
n.S. faculty could provide additional help when the students first arrive. 
About one-half of the respondents indicated they were not given sufficient 
orientation to U.S. graduate educational programs. Improved counseling by 
their advisors could have mitigated the problem greatly. 

In the narrative, some respondents felt that U.S. university faculty could 
do more to help the international students get settled when they first arrive 
in the USA. Housing, shopping, local customs, language, schools for chil- 
dren, local transportation, and other important concerns were mentioned. 
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Faculty committees, student committees, peer mentoring groups, written 
material, and group orientation sessions could help. 

The U.S. graduate programs generally have more emphasis on formal 
classroom training with less time for thesis research then European universi- 
ties. In QIO, we queried the respondents as to their perception on the balance 
between classes and research. Although a majority of respondents felt that 
the balance between formal classes and thesis research in the U.S. university 
they attended was about right (69<yo), thought that more emphasis should 
be placed on thesis research, and only 6^0 thought more emphasis should 
be placed on class work. 

A common narrative suggestion was that classes, colloquia, and discus- 
sions on international and tropical agriculture should be incorporated into 
the U.S. curriculum. This suggestion offers benefit to both U.S. and inter- 
national students, who learn from one another as they contribute to lectures 
and discussions. 

Interpretation. Graduate students from developing countries are often 
required to make major adjustments when entering graduate school in the 
USA. The socioeconomic conditions, educational system, differences between 
undergraduate and graduate training as well as language often require major 
adjustments. Perhaps our emphasis on synthesis rather than rote learning 
is most different. Our experience has been that students often do not know 
what is expected of them when first entering graduate school. 

We agree with the respondents that the balance between class and thesis 
time is about right, although the balance may vary with the student. Some 
foreign Ph.D. students come to the USA with considerable research ex- 
perience. Their need may be greatest in formal classes. 

Many U.S. professors need more familiarity with the culture a^^ ^ricul- 
ture of developing nations. The ecosystems of the nation^ ' .nch the 
students came were often tropical with both dry and humia v. .mates. Land- 
scapes were often characterized by steep slopes. Crops from these regions 
are different with a wider variety of species requiring different nutritional 
and cultural practices than in the USA. Field units are sometimes small and 
are tilled with implements that are powered by small tractors, animals, or 
humans. Farming practices, such as intercropping, fertilization, and residue 
management are often very different. First hand experience with these con- 
ditions would aid materially in selection of more appropriate thesis research 
projects and examples for classroom discussion. An appreciation of the cul- 
ture of the developing nation by Americans makes the student feel more at 
ease and offers a rich background for discussion. As they should be, stu- 
dents are proud of their native culture. We arc supportive of this suggestion 
made in the narrative comments that each international student be given an 
opportunity to present a seminar on his or her home country during their 
first year in the USA. 

After returning home, many students from developing countries were 
placed in responsible positions and were required to develop broad research 
or teaching programs. Caddel (1991) suggests that the U.S. land grant sys- 
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tern of teaching-research-extension partnership works well, but is often not 
understood by international students. A number of respondents felt that stu- 
dents should be given more opportunities to participate in the planning and 
conducting of their advisor's or department's programs so that they could 
carry out these responsibilities in their home countries. This can be an im- 
portant learning experience that is often overlooked. How to plan a multi- 
year program, how to secure and allocate resources, and how to prepare 
research grant proposals and user reports are a few of the items that many 
students are faced with when starting a career position. 

Research Experience 

Results of Questionnaire. The purpose of Qll through Q14 was to de- 
termine the respondents' feelings about the quality of thesis research coun- 
seling and to explore their thoughts on selection of a research topic. Most 
students felt counseling by their advisor in choosing classes, thesis topic, con- 
ducting research, and in writing a thesis was adequate; however, ^ 36% felt 
counseling in preparing for preliminary exams was insufficient (Qll). Stu- 
dents seemed to feel that the approach to their research needed to be both 
basic and applied, and that both are important to their education as well 
as to the welfare of their country (Q13~14). Students did feel technological 
differences (equipment, instrumentation, and facilities) should be considered 
(Qli). In choosing a graduate school, students were somewhat divided as 
to whether agroecological differences between regions of the USA and their 
home country were important (Q16). 

Interpretation. Occasionally, U.S. universities are criticized for having 
foreign students work on basic research requiring the use of sophisticated 
equipment, when the need in their home countries is for applied research 
that can have a more immediate impact. While individual cases vary greatly, 
students from developing countries should obtain experience in solving cur- 
rent problems, and their thesis research should attack applied problems in 
a fundamental way. Basic understanding of research necessary to soNe an 
applied problem should be emphasized, but the research should be carried 
through to fulfill a practical need. 

A few students commented in the narrative that students should select 
universities located in similar agroecological situations. On the other hand, 
the perceived quality of the university in the student's area of interest and 
the reputation of the advisor were often the overriding consideration. If 
special curricula are wanted, obviously a school with that specialty should 
be sought. 

Research Location 

Results of Questionnaire. We asked the respondents in Q 16 through Q18 
about the importance of being at the same location as their advisor during 
the (i) planning, (ii) data gathering, (iii) interpretation, and (iv) writing stages 
(Table 11-3). Students felt strongly that they must have close contact with 
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Table 11-3. Importance of the student being at the same location as their advisor dur- 
ing four stages of theses research. 



Very Moderately Not very 

Stage important important important 



of respondents 

Planning 91 9 l 

Data gathering 23 48 30 

Interpretation 71 27 2 

Writing 57 40 3 



their advisor during the planning stage (91%, very important). During the 
data gathering state, 23^^^o said very important, and 48% said moderately im- 
portant. Seventy-one percent indicated it was very important to be with their 
advisor during the interpretation stage and 97% felt it very important or 
moderately important to be at the same location during the writing stage. 
Clearly the majority of the students felt it best to be at the same location 
as their advisor during all stages of their thesis research. 

Interpretation. Considerable debate has occurred over whether students 
from develoiping countries should spend all of their time during graduate 
study in the USA or whether they could do their class work in the USA, take 
their examinations, and then return home to do their research and write the 
thesis. Proponents of the latter plan argue that it is less costly and insures 
that the research is relevant to the home country^s problems. 

Our experience is that thesis research goes much more smoothly if the 
student and advisor are together in the USA during all stages of the research. 
Depending on the individual case, however, excellent thesis research can be 
done if the student is in their home country during the data gathering stage. 
Several conditions are desirable, however. First, the necessary facilities must 
be available. Second, the advisor should spend time in the home country of 
the student at the time of research initiation plus one or two follow-up visits. 
We strongly recommend that international students return to the USA for 
data interpretation and writing. The benefits are obvious. One problem that 
has occurred in cases where the students return home for the data gathering 
stage is that they are often overloaded with demands to fulfill the duties of 
their regular positions, so that little time and effort could be devoted to their 
thesis research. 

Other Experiences 

Results of Questionnaire. In Q19 through 021 we asked the respondents 
about the need for teaching and extension experiences in addition to research 
while in the USA and in Q22 through Q23, we asked about the importance 
of their graduation education and how well prepared they were for positions 
after completing their degree. 

Most students received some classroom teaching experience, about one- 
half received training or experience in practical U.S. agriculture, but few 
received training or experience in activities that improved their skills in ex- 
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tending research information to farmers and others needing the information 
(Q20-2i). 

An overwhelming majority of the graduates felt they were well-prepared 
for their first or present position (Q2V23). They were unanimous in feeling 
they were well-qualified to do research (100%) but some indicated they were 
not so well-prepared to teach in a university (15%) and participate in other 
professional activities (20%). 

Interpretation. The Ph.D. and even the M.S. degrees in U.S. universi- 
ties are primarily research degrees; however, agronomists are often expected 
to do classroom teaching and have contact with users of their information 
(extension). Some narrative comments suggested that students should receive 
more training and actual teaching experiences. Experiences in how to struc- 
ture a curriculum and a specific class, testing, and discussion activities were 
suggested. Several indicated that students would profit from more on-farm 
experience, and exposure to practical U.S. agriculture. A week or more of 
living on a U.S. farm experiencing the day-to-day operations should be ex- 
plored for some students. 

Follow-up 

Results of Questionnaire 

The purpose of this section was to explore the respondents* views con- 
cerning their continuing education after completing their degree requirements 
in the USA. Clearly, the respondents in the survey wanted more contact with 
their U.S. colleagues after they received a degree. Seventy-four percent felt 
a post-doctorate position would have been helpful, although only 11% had 
post-doctorate experience. A sabbatical leave in the USA within 5 to 10 yr 
following receipt of their degree was favored by 93%. All of the respondents 
said that a sabbatical would be very or moderately helpful. Ninety-one per- 
cent felt continued collaborative research with their advisor or other U.S. 
faculty was desirable. 
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Interpretation 

Perhaps one of the weaknesses in U.S. university education for sHidents 
from developing countries has been inadequate follow-up once they return 
home. Development of a scientist is a life-long process requiring continued 
learning. Post-doctorates, sabbaticals, visits by their U.S. professors, fre- 
quent visits to the USA by former students, and collaborative research 
projects, exchange of reports, or newsletters, should all be explored. Proba- 
bly the most limiting cause for inadequate follow-up is that granting agen- 
cies have not allocated sufficient funds for these activities. We hypothesized 
that research or education programs could be strengthened measurably if 
more continued contact between U.S. and developing country scientists could 
be achieved. 
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SUMMARY AND CONCLUSIONS 

The results of the questionnaire, including the narrative comments, in- 
dicated the following: 

1. International scientists who received an advanced degree in soils or 
crops from a U.S. university were satisfied with their classes and thesis 
research. 

2. They would have benefited from additional counseling concerning 
expectations of faculty, cultural adjustments, and personal matters. 

3. They should be given a broader experience in the USA. Better ex- 
posure to the land grant university concept in teaching, research, and 
extension would be useful. 

4. They expressed a strong sentiment that exposure to leadership in 
research, teaching, and extension would be helpful. A number felt 
that they would have profited from working with their advisor and 
in the department in a leadership role so that they could apply that 
experience in their home country. 

5. Classroom teaching training and experiences were mentioned as an 
additional need in graduate education. 

6. A strong appeal was made for closer contact between their U.S. 
faculty and the degree recipients after they return home. 

7. U.S. professors need more familiarity with the agriculture, culture, 
and languages of developing nations. 

Graduate advisors and departments should be alert for opportunities to give 
students broader experiences in all facets of agriculture. The extent and choice 
of the experiences should be worked out between the student and advisor. 
It may take additional time by the advisor and, in some cases, may detract 
from the students research time, but in our opinion, the rewards will be many. 



APPENDIX 1 

A questionnaire regarding the educational experiences and needs of graduate 
students from developing countries in the USA was developed by the authors with 
help from a faculty member from the Center for Survey Analysis, University of Min- 
nesota. The questionnaire was sent to international students and former students in 
soils and crops from the University of Minnesota, Cornell University, North Caro- 
lina State University, Texas A&M University, and University of Hawaii. Of the 216 
to whom the questionnaire was sent, 59% responded. Of the respondents, about one- 
third were current students, and two-thirds were past degree recipients, mostly Ph.D.s. 
Because of the availability of mailing lists, about one-half were students or former 
students from the University of Minnesota. A very few received their degree > 10 
yr ago. The respondents are from 49 countries. 

The questionnaire follows. The numbers report the percentage of positive 
responses. More than one-half gave narrative responses to question 28, which are 
not included. 
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A. Purpose and Support 

Ql. What was your purpose in pursuing an advanced degree in a foreign country? 
33.3 to learn skills to better tackle agricultural problems in your home country; 

60.3 to enhance your potential as a scientist or teacher; 

1.6 to advance in rank in your institution; 

4.7 other (please describe). 

Q2. Who funded your education in the USA? 

26.0 my employer in my home country (institution or government); 
3.2 personal or family finances; 

42.5 host institution in the USA; 

20.4 an international agency; 
7.9 other (specify). 

B. Background 

Q3. Before starting your graduate work in the USA, what special training did you 
receive? 

54.3 language training 

45.6 other (specify) 

Q4. Was English your native language? 

11.8 yes 

88.2 no . 

05. Was understanding English a problem in your classes and in communicating 
with faculty? 
10.2 a major problem 
38.6 a minor problem 

51.2 not a problem. 

Q6. Did you meet all English requirements when you first arrived or were you re- 
quired to take additional training? 
70.0 met all English requirements 

29.9 required to take additional training 

Q7. Do you feel your background in basic sciences (math, chemistry, and physics) 
was efficient when starting graduate work in the USA? 

91.3 .es 
8.7 no 

Q8. Was your background in crop or soil science sufficient when starting graduate 
work in the USA? 

82.4 yes 
17.6 no 

C. Graduate Program 

Q9. The U.S. system of graduate education is somewhat different from education 
in many other countries. When you started your graduate work in the USA 
were you given sufficient orientation about the U.S. system? 
51.2 yes 
48.8 no 
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QIO. Please evaluate the balance between formal class work and thesis research in 
your American graduate program. 
6.3 should place more emphasis on class work 
24.6 should place more emphasis on thesis research 
69.0 current balance between class work and thesis research is about right 
QU. Did counseling by your advisor and committee provide sufficient help in the 



following areas? 

yes no 

choosing your courses 86.6 13.4 

preparing for your preliminary exams 64.3 35.7 

choosing your thesis topic 88.8 11.2 

conducting research 90.2 9.8 

writing your thesis 87.4 12.6 



Q12. Graduate thesis research can be described as basic or applied. Assume that basic 
research would develop new knowledge and understanding of principles and 
processes, while applied research would be to apply knowledge to analyze and 
solve problems in your country 
What was your goal in your thesis research? 

very moderately not very 
important important important 
basic research 46.8 45.2 7.9 

applied research 60.3 34.9 4.8 

013. How important arc basic and applied research in your country? 

very moderately not very 
important important important 
basic research 28.8 53.6 17.6 

applied research 90.4 9.6 0 

Q14. Is it important to consider technological differences (i.e., differences in equip- 
mentt instrumentation and facilities) between the host country and your home 
country when selecting your research topic? How important is it to consider 
these differences? 

41.4 very important 

37.5 moderately important 
21.2 not very important 

QI5. How important is it to consider agroecological differences (e.g., differences 
in soils, climate, or crops) between your home country and the sections of the 
USA (east, west, or north central) when choosing a university for graduate edu- 
cation? 

27.6 very important 

39.4 moderately important 

33.1 not very important 
Q16. Thesis research may be done in the USA or in your home country. Rate the 

benefits for you doing your research in the USA and in your home country. 

very moderately not very 
beneficial beneficial beneficial 

USA 54.5 40.8 4.8 

home country 46.3 40.6 13.0 

017. Ciraduate thesis research in the USA can be divided into the following stages: 

(a) planning, (b) data gathering, (c) interpretation of data, and (d) writing. Rate 

the importance of being at the same location as your advisor during each of 

Ihese stages in voux the$u*» research. 



EDUCATIONAL NEEDS OK STUDENTS FROM DEVELOPING COUNTRIES 



99 



Q18. 



Q19. 



Q20. 



Q21 



planning 
data gathering 
interpretation 
writing 



very moderately not very 
important important Important 
90.6 8.7 0.7 

22.6 47.6 29.7 
70.9 26.8 0.2 

56.7 40.2 3.1 
How long do you feel should be spent going from the B.S, degree from your 
country to a Ph.D. in the USA? 

5.6 less than 3 years 
76.9 3 to 5 years 

17.5 more than 5 years 

Did you receive training and experience in practical U.S. agriculture that is help- 
ful in your home country? 

55.6 yes 
44,4 no 

If training or experience in classroom leaching was one of your objectives, arc 
you satisfied with your experience? 
50.4 yes 

11.2 no 

38.4 not applicable 

Did you receive training or experience in communicating with farmers? 

12.7 yes 

87.3 no 

How important is your graduate education to you as you consider the follow- 
ing aspects of your life? 



Q23. 





very 


moderately 


not vcr\ 




important 


important 


important 


your professional life 


89.8 


10.2 


0 


your education in basic principles 


62.2 


33.0 


4.7 


your ability to analyze real problems 


59.5 


37.3 


3,2 


familiarity with the research /teaching 








of the U.S. system 


54.4 


36.0 


9.6 


language and cultural aspects 


41.6 


38.4 


20.0 


After completing of your graduate education, did or will you f 


:el prepared? 






yes 


no 


for your first position 




90.4 


9.6 


for your present position {if different 








from the first) 




84.1 


15.8 


to teach in a university 




85.2 


14.8 


to do research 




100.0 


0 


for other professional activities 




80.4 


19,6 



I). F(>ll(m-up 

g24. Do you feel a post doctorate lot 1 or 2 \r tollossing your Ph. I), would ha\c 
been/will be helpful in your education? 
74,4 yes 
25,6 no 

g25. Did you have a post-doctoral position? 
12.8 yes 
K7.2 no 

1 \) I 
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Q26. Would ii be helpful lo have a sabbatical leave in the USA or another country 
in 5 lo 10 yr following your graduate degree? 

92.8 yes 
7.1 no 

If your answer is yes, how helpful would it be? 

82.2 very helpful 

16.9 moderately helpful 
0.8 not very helpful. 

Q27. Would it be desirable to continue collaborative resea ch with your advisor or 
other faculty from the university w'lCre you received your degree? 

91.3 yes 
8.7 no 

Q28. What else do you think U.S. graduate programs can do to help graduate stu- 
dents from other countries? 
570/0 gave narrative comments. 
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ABSTRACT 

Graduate training of foreign students from developing countries is and might 
continue to be an important help received from the USA. Adequate student selec- 
tion, based on academic and personal characteristics, a rather wide curriculum of 
studies, more than average advisor time, and not too short a study period usually 
produce graduates who will contribute to the progress of agriculture in their home 
countries. Thesis projects related to home country problems are generally useful. Ad- 
visor contact with recent graduates can contribute to better initial activities in the 
home country. 



Graduate training of foreign students from developing countries is and might 
continue to be an important task of U.S. graduate schools and is an impor- 
tant assistance received by these countries from the USA. There is a long 
tradition in this field; 1 have worked with a number of professionals, trained 
half a century ago, who have made a considerable impact in many countries 
in the developing world. 

There are four main activities in which recently trained scientists tradi- 
tionally use their skills. Probably the most important is in upgrading and 
expanding ongoing research. There is indeed a great need for a more sus- 
tainable, and at the same time, more productive agriculture. A second com- 
mon activity is to teach at the national institutions and prepare professionals 
who have an up-to-date view of agriculture. A third opportunity is to cooper- 
ate with international companies managing commercial plantations in the 
tropics. The availability of well-trained local technicians has reduced their 
dependance on expatriate employees. The last but not least opportunity is 
in managing the above three areas. The use of recent graduates as adminis- 
trators is only a partial loss because while they themselves will contribute 
little in terms of research, education, or extension, they will have a much 
better under:^tanding of the help and support they have to give to their col- 
laborators who have advanced training in research. 

Copyright i^) 1994 Soil Science Society of America, 677 S. Segoe Rd., Madison, WI 53711, 
USA. Soii Science Education: Philosophy and Perspectives. SSSA Special Publication no. 37. 
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GENERAL CONCEPTS 

The American Society of Agronomy had an interesting discussion on 
this topic some 25 yr ago, during the Annual Meeting in New Orleans in 1968. 
Addressing the training of agronomists from abroad, Appleby and Furtick 
(1969) suggested six points required for excellent training, which appear to 
be as valid now as when they were proposed. These concepts are: 

1 . Foreign agronomists need high quality but tailor-made programs, con- 
sidering the needs of the country and the person. Flexibility, well 
managed, is not synonymous with low standards. 

2. Actual responsibility for some aspects of field research programs can 
often be a useful and new experience that gives confidence to the stu- 
dent. Special projects within the graduate programs and actual 
.,ooperation with the professor's project can be ways of obtaining 
this experience. 

3. Training in the areas of administrative skills, effective communica- 
tion, and good work organization can complement the acquisition 
of technical knowledge and can be very useful. Student participa- 
tion in the projects where they take advantage of their advisor's per- 
sonal experience can be very useful here. 

4. The personal example of the professor who advises the student and 
his professional attitude can also be a very valuable experience. This 
is true for all students, but in some developing countries the distance 
between professor and student is so large that the personal contact 
in the USA is a new and useful experience for foreign students. 

5. The importance of getting research results to the user is a concept 
many students have to learn and see working. Work experience 'in 
collaboration with extension specialists could be promoted as spe- 
cial projects within the study plan. This would slightly extend the 
study period of result in a lesser total amount of specific informa- 
tion assimilated by the students, but probably would be more useful 
in the long run. 

6. Continued contact of the professor with recent graduates can con- 
tribute to better initial activities in the home country. Coddel (1991) 
puts emphasis on this post-training contact, institutionalized by some 
German universities. This could substitute, at least in part, for the 
post-doctoral experience, widely used in some fields, particularly in 
the basic sciences in the USA. 

As with all teaching-learning processes the formation of students from 
developing countries depends on the interaction of the three components sug- 
gested by Martini (1990), which are students, teachers, and administrators. 

Graduate study in a foreign country is a difficult task and students should 
have the interest, motivation, ability, and health for such an undertaking. 
If the students are married, which is quite common, the ability, interest, and 
dedication of the other partner is essential. Many able foreign graduate stu- 
dents have failed in the past due to family problems. The support of a dedi- 
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cated and, if possible, well-prepared wife or husband can help the student 
to concentrate on his or her studies in a supportive surrounding. A well- 
designed and managed orientation program for both can be helpful. In this 
respect, the student advisor*s wife or husband can be of great help in getting 
the student's family settled, in establishing contacts between the student's 
family and the surrounding community. If the student's religion has an es- 
tablished center at the university community, it can also be of some assistance. 

An adequate knowledge of English is needed. This problem is now quite 
well taken care of by the generally obligatory TOEFL (test of English as a 
foreign language) test. In exceptional cases for students from countries where 
adequate instruction in English is difficult to find, it can be recommended 
that students with otherwise proven abilities be admitted without the neces- 
sary TOEFL score. In this case either short extensive English courses, or 
courses should be included in the program in parallel with the professional 
formation. Both methods have been tested and, properly used, have given 
positive results. Generally, students who have demonstrated good learning 
abilities in their home countries, as indicated by good grades, do well abroad 
in the USA also. As grading systems vary, it is very important that the stu- 
dent's grades are properly interpreted, which is sometimes difficult either 
because a system gives too low or too high grades. The writer was in charge 
of a graduate system where we had an interpretation code within which we 
could standardize the grades given in the dozens of universities from which 
we frequently received students. The interpretation code was prepared by 
a statistician, needed occasional revision, but generally worked well. 

The role of student colleagues from the USA and abroad can also be 
very helpful. In many universities, more experienced graduate students help 
the new ones to find their way around and get established in the departments. 
This can be of particularly significant help for new students. 

With regards to teachers, the advisor is a very important person for the 
success of foreign students. If he or she has time, more than average interest, 
and some knowledge of the student's country, his or her role will be deter- 
mining. Generally, foreign students will be more time consuming than na- 
tionals. Communication problems take time to overcome and the foreign 
student's lack of knowledge of the university system will sometimes make 
it necessary for the advisor to provide explanations for concepts already well 
known to U.S. students. 

With regards to administration, the two main requirements are a scholar- 
ship that provides the basic necessities of the student and time to complete 
his or her work. Adequate time might be somewhat larger than the average, 
particularly if the student comes from one of the least developed universi- 
ties. A somewhat more extended time might allow some additional experience 
for the student such as collaboration with research or extension activities or 
with teaching if his or her English is good enough. The sponsoring agencies, 
official or private, should consider that one additional year might make a 
lot of difference. As a basic principle, two well-trained scientists can do much 
more than three endowed with a hurried training. 
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It is believed that four aspects are essential for successful graduate 
studies. Proper student selection, discussed previously, is an essential com- 
ponent and can be considered the first requirement without which nothing 
can be accompHshed. . 

As a second point, a proper curriculum has to be identified. This will 
require more than normal time from the advisor since the educational back- 
ground of foreign students is very variable and will be an essential compo- 
nent in the selection of the curriculum. A third point will be the possible 
future need of the student. Generally a wide curriculum resulting in consider- 
able adaptability is needed. This might require more time, but probably will 
result in covering the needs of the home country where the recent graduate 
will be on his own, without always having the possibility of consulting 
specialists of related fields. 

The role of an advisor as an example of a researcher is very important, 
particularly since the foreign student, when he or she returns to his or her 
home country seldom has the opportunity to work closely with and to emu- 
late more experienced scientists. Appleby and Furtick (1969) examined in 
detail this non formal aspect of student advising and its great importance. 
Some universities have foreign student advisors whose mission is to help the 
students with the administrative aspects of their studies, e.g., visa renewal. 
Like the faculty supervisor, these foreign student advisors can also provide 
valuable assistance. 

Time can be mentioned as the fourth essential element of graduate train- 
ing. This is more or less critical in accordance to the student's background 
and financing. In most cases, it is a questionable procedure to try to reduce 
the training, resulting in a student who concentrates in narrow academic goals 
that allow early graduation, forcing him or her to miss many opportunities 
to learn topics not closely related to his curriculum but nonetheless useful 
for his formation. 



GRADUATE STUDIES IN THE USA OR ELSEWHERE? 

Probably most objective evaluators agree with Coddel (1991) when he 
affirms that the university system in the USA is generally doing a good job 
of educating students from developing countries. Convincing evidence for 
this is provided by the numerous contributions to research, teaching and even 
administration made in their home countries by alumni of U.S. universities. 
Some of the reasons for the success of the U.S. system are based on its good 
organization, its high level of manpower, the acquaintance of many profes- 
sors with some of the practical problems encountered in developing coun- 
tries, and generally its interest in providing assistance to developing countries. 

Observers would also probably agree with Coddel's (1991) suggestion 
that the system can be improved, particularly by giving students experience 
and information on important topics not normally considered, such as 
research administration, planning, proposal writing, and others. 
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There are basically two alternatives to training in the USA for students 
from developing countries. One is to study in Europe, where many of the 
world's oldest schools of agriculture have produced excellent agronomists. 
The students who will feel comfortable in the European surroundings are 
those who have a very large dose of maturity and self-motivation. For these 
students, the European style of graduate work, where a student is typically 
expected to work independently, can give outstanding results. Unfortunate- 
ly, these programs tend to last longer than those in the USA and the cost 
of living in Europe is high, which can lead to funding problems. Neverthe- 
less, it is a good idea, if possible, when building up a research team in a de- 
veloping country, to have members with different forms of training. 

A second alternative is to use the new graduate programs in other de- 
veloping communities, like Brazil and others. Experience with students ob- 
taining their M.S. degree under such conditions is quite positive if the best 
schools in the group are identified and used. For doctoral progr^^ms, however, 
large faculties and facilities are needed and are often not yp esent in these 
countries. 



THESIS TOPICS FOR FOREIGN STUDENTS 

At the graduate level the preparation of a thesis is an essential compo- 
nent of the program. What kind of thesis is most useful for students from 
developing countries? To answer this, one has to consider the purpose of 
a thesis in a graduate program. It is necessary for two reasons: one is train- 
ing in research and for this the thesis has to be done properly, answering 
more to the question of how than that of what. For this kind of thesis the 
usual procedure at U.S. universities is high quality work that is expected of 
everybody, and is properly supported and oriented. In the case of foreign 
students, the orientation and supervision might take more time than usual 
to help the student to overcome an often weak and almost always very theo- 
retical undergraduate training. Often the student has to learn for the first 
time to use field and laboratory equipment needed for modern research, some 
of which he or she has never seen before. 

The second question of what responds to the need of a student not only 
to learn how to do research but to select an adequate problem and solve it 
properly. This second component initiates a researcher in a direction, often 
followed later on. For this second purpose thesis projects related to home 
country problems, and if possible, carried out in the home country, can be 
very useful. The criteria for selecting useful problems are often acquired by 
working with highly qualified colleagues, an opportunity not existing in many 
developing countries. As a result, if the advisor explains, even informally, 
how decisions on problem selection are reached, he or she can contribute 
to many years of useful future work. 

This kind of research, often more applied than one which is typical for 
U.S. universities, needs some understanding of local problems by the stu- 
dent*s advisor. If possible, the advisor should have an opportunity to visit 
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the experiments. The presence of a local co-advisor, whenever available, can 
also be very useful. The problem is that sometimes when the student arrives 
home, his assistantship is discontinued and to survive he or she has to re- 
sume his or her former job, or an important part of it, thus delaying or in- 
hibiting the work on the thesis. This can result in delays or the discontinuation 
of the study, and it should therefore be avoided as much as possible. 

The option of orienting agricultural research towards a more basic or 
applied approach is examined by Arnon (1989) who suggests that adequate 
agricultural research should be oriented to give solutions to actual problems 
of the country of region the student is originating from. A home country 
thesis can contribute to this approach and get the student started along a 
line of work where in the near future he might contribute to the welfare of 
his countr>. 

If no home-country thesis is possible, the methodology used should be 
the most adaptable possible, to avoid the problems of readaptation of the 
students in their home countries, as analyzed by Arnon (1989). The student 
who is encouraged to work on a problem that does not require complicated 
equipment will eventually be better able to avoid problems related to lack 
of institutional framework, lack of financial support or even the possible 
hostility of colleagues feeling threatened by a move fancy looking research. 

If the student learns to work on problems that yield tangible results with- 
in a reasonable time, there is an increased chance of obtaining the required 
support in a timely manner for each research activity, making possible the 
establishment of a successful program. 

Establishing research projects between the advisor and his former stu- 
dent, if they can be accommodated within the possibilities of both, could 
be very helpful for a new investigator. 

Evidently it would be very useful if during the formation of the new 
researcher, two additional new ideas could be made part of his thinking. The 
first is team work. The importance of this in tropical agriculture and the 
necessity to train people in this respect was already indicated many years ago 
by Bradfield (1969). The considerable success of the green revolution to feed 
a large part of the world resulted from the team effort of a number of research 
centers. 

Grobman (1969) insists on the importance to learn the necessity of the 
continuity of research. This can be well illustrated in the USA, but it is neces- 
sary to demonstrate and explain it also in developing countries. There is very 
little long term research in these countries even though it is definitely need- 
ed, particularly to promote sustainable agriculture. Young scientists, who 
can initiate and bring to completion research projects lasting 20 yr or more, 
should be motivated for and supported in this kind of endeavor. 

Another ability, that of elaborating research projects based on adequately 
identified problems, is a crucial necessity and is unfortunately quite difficult 
to learn. A properly conducted seminar on agricultural research could be 
a way to teach it. 

Learning to adopt the appropriate technologies, and to adapt to exist- 
ing conditions, are important necessities in developing countries. Professors 
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who worked under these limitations might be able to and at least sl][ould at- 
tempt to pass on to the students some of their experience in this field. 

The capacity to organize one's research, or that of a group, is a necessi- 
ty of many recent graduates, who seldom have the necessary information 
and experience for it. The graduate seminar on organization and adminis- 
tration of research, previously suggested, might be a solution for this problem. 
Texts like that of Arnon (1989) can also contribute useful information. The 
capacity and desire to communicate research results to colleagues, adminis- 
trators, and users is fundamental. Also, good communication keeps teams 
together, and this is needed for the complex research programs of today. 

Motivation and the feeling of the need and urgency of results should 
complete the list of the competencies of a good research worker for develop- 
ing countries and should be stimulated in their informal education. 



THE ROLE OF COURSE WORK IN GRADUATE STUDIES 

The purpose of course work is to transmit current information to the 
student by different teaching methods so that he or she is prepared to handle 
the conceptual content and methodology of his or her field of specializa- 
tion, and knows how to complement it later. It should also prepare him or 
her to understand articles published in the field. 

As many students will return to positions where they are the one who 
knows most, the possibility to obtain help from colleagues is remote. As a 
result, they have to be largely self-sufficient. To achieve this, a rather wide 
curriculum is helpful, even if this reduces the depth of the information. Many 
U.S. graduate departments believe in an ample course work as indicated by 
Black (1972) and this is quite useful. In addition, the students should be 
trained so they can learn on their own, i.e., obtain the needed information, 
by developing a habit of reading the literature and incorporating it in their 
work, and passing it on to their coworkers and students. 

Since many of the recent graduates will be promoted to administrative 
positions, they will have much use of information on communication and 
planning. It is useful to incorporate some introduction to these topics in the 
s-udcntVs curriculum. 

Sometimes the course work has to begin with introductory courses that 
arc prerequisites for more advanced courses. Some students often find it easier 
to acquire prerequisite knowledge by taking courses than, as in the case of 
many European universities, via independent study; however, these courses, 
designed for undergraduates, are very labor-intensive and should only be used 
if absolutely necessary. Quite often, reviewing the corresponding texts pro- 
vides the update the students need. 

A general research seminar, well oriented and considering in addition 
to U.S. agriculture that of developing countries, could be a very valuable 
addition for the training of students from abroad, and also from the USA. 
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PROBLEMS WITH SOPHISTICATED EQUIPMENT 

For graduate work, publishable research is required and since in many 
colleges of agriculture in the USA, state-of-the-art equipment is available, 
it is often used by foreign students for their thesis research. The dependence 
on up-to-date instruments that often results is one of the criticisms against 
recent foreign graduates in many developing countries. Cooperative arrange- 
ments for the use of advanced equipments with the student's former school 
can alleviate this problem and should be encouraged. It is suggested, if at 
all possible, that the student should also receive information on how meas- 
urements and chemical determinations could have been performed without 
using modern equipment. 

This is a problem that is quite easy to handle, if there is an interest on 
the part of the faculty advisor to prepare the student for the generally simple 
conditions under which he or she will work in his or her home country. If 
this is done, no problems will appear. Students should try to acquire ex- 
perience in putting equipment together, in their maintenance and their even- 
tual purchasing; however, with regard to equipment problems in general, 
one should never forget that no equipment is better than its user or the main- 
tenance it receives. This principle should be learned from the use of the in- 
struments necessary for the research. 

In addition to equipment selection, information on the organization of 
field stations, laboratories and data processing equipment can contribute sig- 
nificantly to the formation of graduate students. 



CONCLUSIONS 

In the past, the U.S. university system has done a good job of training 
students from developing countries. Many reports such as that of Rohweder 
et al. (1972) document this fact. 

When the conditions of an able student, a dedicated advisor and a sup- 
portive administration are all satisfied, the system can contribute now, and 
will quite likely continue to contribute in the future, to form useful agricul- 
tural scientists for the development of the many countries who need it. 

It is believed that the U.S. method is probably the most efficieni or- 
ganization for training students from developing countries, particularly at 
the Ph.D. level. 

It can be observed that usually when the results were not the expected 
ones, some essential components of the method did not work properly. Poor 
student selection, inadequate support, and an unusually different syMcm, 
compared with that in place in the student^s home country, are some of the 
most common causes for failure. The large number of successful graduates 
of the U.S. educational system, however, indicates that, even under subop- 
timal conditions, useful scientists, teachers, and agricultural administrators 
are formed, who contributed, and arc still contributing, to the progress of 
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agriculture in their home countries and who, like the author, are very grate- 
ful for the training they have received.' 
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ABSTRACT 

A statewide off-campus M.S. degree program was initiated in the spring of 1986 
to provide continuing professional education for the nontraditional adult student. 
Groups targeted included faculty and staff at community colleges and high schools, 
extension personnel, technical and sales representatives of agricultural industries, and 
farmers. University of Illinois faculty offer courses at three to four locations around 
the state at any one time utilizing community college, area extension, and continuing 
education facilities. Requirements for admission are same as on-campus M.S, stu- 
dents. Faculty advise the 30 to 40 students typically in this program and supervise 
special problems or thesis research. Limitations of the program are library access 
and adequate student numbers at individual locations to justify offering advanced 
courss. A recent evaluation concluded the program is of very high quality, success- 
fully meets the needs of both students and faculty, and will continue to provide a 
unique opportunity for advanced adult education in Illinois. 



Trends in higher education today suggest enhanced interest and emphasis 
on the nontraditional student, in particular the older student. The American 
Association of State Colleges and Universities and the National Association 
of State Universities and Land Grant Colleges predict that by the year 2000, 
one-half of higher education students will be over the age of 25, and 20m 
will be 35 yr of age or older (Ludwig & Latouf , 1986), This same study report- 
ed that in 1986 < 20^70 of the nation's college students were between the ages 
of 18 to 22 years, attending college full time, and living on campus. Another 
survey at the University of Texas at Dallas found the average age of under- 
graduate students was 29 yr (Galerstein & Chandler, 1982). Adults are return- 
ing to college not only to earn undergraduate degrees, but also are returning 
in increasing numbers to attend graduate school on a part-time basis, while 
maintaining regular jobs. In 1986-1987, part-time graduate enrollments ac- 

Copyright ^"=5 1994 Soil Science Society of America. 677 S. Scgoc Rd., Madison, Wl 5371 1, 
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counted for more than one-half of the total graduate level enrollments at 
U.S. colleges and universities (Donaldson, 1991). 

Interest by the nontraditional student in enhanced education does not 
apply only to recent graduates. The University of Illinois recently completed 
a survey of 1976 graduates 15 yr after graduation (Univ. of Illinois, Office 
of Planning and Budgeting, 1992, unpublished data). This study showed 239/o 
of the graduates returning questionnaires had received one or more addi- 
tional degrees since 1976, and that were attending school in 1991, the 
year of the study. Additionally, almost 79% of the 1976 graduates reported 
they had participated in noncredit continuing education programs. The 
growth of adult education has affected administration, faculty, personnel 
services, and many other facets of colleges and universities. Many campuses 
especially in recent years of decreased enrollments have attempted to interest 
adult students in credit and noncredit offerings. Especially for the working 
adults, however, location and release time from work can prohibit travel to 
campus for additional course work or the pursuit of an advanced degree. 
Off-campus courses have been used to fill this void by many institutions but 
these courses seldom lead to an advanced degree. In 1968, the Cooperative 
Extension Service and Community College personnel in the state of Illinois 
requested that the Agronomy Department offer off-campus courses to sup- 
port a M.S. program. Since that time many graduate courses were offered 
off-campus but until 1986 no more than three units (12 semester hours) of 
off-campus courses could be credited toward the M.S. degree. In 1986 a pro- 
gram that recognized the need for M.S. degrees for nontraditional students 
not having ready access to the campus was instituted at three locations in 
Illinois to permit the completion of a M.S. degree from the University of 
Illinois without attending any classes on campus (Miller & Schrader, 1989). 
Following a successful start this program has been continued on a statewide 
basis. The purpose of this chapter is to describe this Off-Campus Masters 
of Science (OCMS) program and to report the results on the effectiveness 
of this program from a survey of graduates. 



PROGRAM DESCRIPTION 
Purpose 

The purpose of the OCMS program is to offer the possibility of an ad- 
vanced degree in agronomy for the nontraditional student who, because of 
career, location, or personal constraints cannot enroll at the University of 
Illinois main campus (Urbana-Champaign). These are students who may be 
seeking to improve their professional skills, prestige, leadership opportuni- 
ties, employment advancement, salaries, or job mobility by completing an 
advanced degree. They have included professionals in all phases of the agricul- 
tural sector such as agricultural industry, education, technical and sales per- 
sonnel, farmers, and state and federal agencies. 
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Kig. 13-1. Location of oft'-campus classes in Illinois. 



Location 

Geographic locations where the program is offered are selected in con- 
sultation with personnel from the extension service, community colleges, and 
continuing education regional offices of the University of Illinois. These 
sources are used to estimate the demand from potential students in a target 
geographical region in the state. Figure 13-1 shows the location of six sites 
where the OCMS program could be completed in 5 yr or less and 12 addi- 
tional locations that could complement the OCMS program. The program 
is offered at only three to four locations at any one time. A main core of 
agronomy courses are offered that are supplemented by selected courses from 
the Departments of Entomology, Agricultural Economics, and Plant Pathol- 
ogy depending on the programmatic needs of a specific location. Courses 
taught at any one of these locations can be taken by nondegree students as 
well as those enrolled in the OCMS degree program. 
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Admission and Degree Requirements 

Applicants are considered for admission if they have a baccalaureate 
or equivalent degree comparable to that granted by the University of Illinois, 
with a grade point average of at least a B for the last 60 h of undergraduate 
work and any graduate work completed. Students with limited training in 
agronomy or basic science courses may be required to take additional courses 
during their graduate programs. The admission decision is made by a faculty 
committee which, in addition to the grade point average, evaluates the quan- 
tify and quality of courses in the undergraduate program, three letters of 
reference, and a statement of interest prepared by the candidate. Both a the- 
sis and a nonthesis option are available for M.S. candidates accepted to the 
program and minimum requirements for completion of the degree are iden- 
tical to those for students studying on-campus. Minimum completion require- 
ments for the two options include: 

Thesis 

1 . Minimum of five graded units (20 h) of formal coursework approved 
by an advisory committee of the faculty. 

2. Minimum of one graded unit (4 h) at the most advanced level (400 
level) for the University of Illinois 

3. No more than three units of thesis research. 

4. Minimum of 1/4 unit (I h) seminar. 

5. Successful defense of a thesis. 

Nonthesis 

1 . Minimum of eight graded units of formal coursework approved by 
a faculty advisory committee. 

2. Minimum of three graded units of graduate study at the most ad- 
vanced level (400 level). 

3. Maximum of one unit of independent study under the supervision 
of a faculty member. This advanced study may consist of a field, 
laboratory, or other research problem consistent with the interests 
of the student, availability of facilities, and approval of the advisory 
committee. 

4. Minimum of 1/4 unit (1 h) seminar. 

5. Successful completion of a written or oral final exam. 

Students in the OCMS program are assigned a faculty advisor when they 
are admitted to the program. The enrollment in the OCMS program has been 
* 30 to 40 students at any given time. Faculty serve as academic advisors 
lo these students and supervise special research problems or thesis projects. 
A toll-free line is provided by the Division of Extramural Courses that can 
be used by students to contact instructors, advisors, the Graduate College, 
Office of Admissions and Records, or other academic and administrative 
unit at the main campus. Individualized acadmic advising is also provided 
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at off-campus locations by course instructors, and the OCMS coordinator 
as needed. 

Instruction 

Courses are most often taught as 3-h evening classes to accommodate 
the schedules of the nontraditional students, most of whom have full time 
jobs. Faculty travel via plane or automobile to the off-campus facilities that 
are coordinated by the Division of Extramural Courses. The state of Illinois 
has in excess of 30 community colleges positioned throughout the state that 
serve as potential sources oi lecture and labonitory facilities. Other facilities 
include extension centers, high schools, and community buildings. Other 
delivery systems have also been used to take classes outstate including Telent 
(a conference type phone link) and an audiographic teleconferencing system 
that allows visual and audio linkage to multiple sites. Live personal interac- 
tive video is not currently available, but will make this type of degree pro- 
gram much more accessible and efficient in the future. Reserve materials are 
sent to libraries on location and students enrolled in off-campus courses are 
provided courtesy cards for the on campus library. 



PROGRAM EFFECTIVENESS 

In order to evaluate the OCMS program at the University of Illinois, 
a survey was sent to 47 students that were identified as currently enrolled 
or having recently completed degrees through the OCMS program. We 
received 39 replies to the survey with four responses indicating enrollment 
in off-campus courses, but not in the M.S. degree program (OCMS). Only 
results from individuals participating in the OCMS program are reported 
in this chapter. Following are summaries evaluating various components of 
the OCMS program at the University of Illinois. 

Quality of Off-Campus Courses ^ 

Students in the OCMS program rated the quality of the OCMS program 
very commendatory (Table 13-1). Instructional quality was rated an aver- 
age of 4.5 out of a possible 5.0 (4.5/5.0) and was the highest rating for the 
categories listed. Both course content and relevance of instruction to practi- 
cal job skills received a rating of 4.3/5.0. This is encouraging considering 
the typical student is not only older but generally gainfully employed and 
therefore very cognizant of the relevance of instruction to their real world. 
The quality of instructional materials rated somewhat lower with approxi- 
mately one-fourth of respondents choosing average. This may reflect some 
limitations of the variety of instructional materials an instructor may chose 
to use when such materials must be transported as much as 320 km (200 miles) 
or more to some locations; however, the university office of extramural pro- 
grams makes every effort to accommodate any needs of instructors. Library 
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Table 13-1. Quality rating of off-campus courses by students. 

Very high High Low Very low 

quality quality Average quality quality Average 
' (51 (41 (3) (21 (1) rating 



% responding 



Instructional quality 


49 


49 


2 


0 


0 


4.5 


Course content 


34 


60 


6 


0 


0 


4.3 


Learning assignment/ 














experience 


20 


72 


6 


2 


0 


4.1 


Relevant to practice 


44 


41 


15 


0 


0 


4.3 


Instructional materials 


18 


56 


26 


0 


0 


3.9 


Library resources 


9 


40 


30 


12 


9 


3.3 


Overall quality 


37 


57 


6 


0 


0 


4.3 



resources was by far the lowest category with an average rating of 3.5/5.0. 
Lack of extensive library resources has been identified in this and previous 
surveys as one of the limitations of off-campus instruction when compared 
with the on-campus experience. Courses are frequently taught at a commu- 
nity college where the library resources, especially in the agricultural areas, 
may be limited. All students in the off-campus courses are offered a card 
allowing access to the main library on campus as well as many other libraries 
throughout the state for the semester in which they are enrolled; however 
the distance of most students from the main campus prevents them from 
full utilization of this service. Students are also given a toll free phone num- 
ber to access the main campus library where materials can be ordered by 
phone, but this survey clearly indicates students perceive the quality of library 
resources to be much lower than for the other services listed. Overall, stu- 
dents are very satisfied with the quality of off-campus courses with 94^o of 
the respondents rating the quality of off-campus courses as either very high 
or high. 

Students also believe that off-campus courses help them accomplish their 
individual learning objectives. Sixty-two percent responded very well and 38^o 
well to the question **How well do you think the off-campus courses in which 
you enrolled accomplished your individual learning objectives?'' (data not 
included). No students selected alternate responses, which were not very well 
or not at all. 

Reasons for Enrollment 

The survey also provided information about why these nontraditional 
students chose to enroll in off-campus courses and the OCMS program. The 
highest percentage of students chose as very important the opportunity to 
combine study with full-time employment (Table 13-2). Individual comments 
in this survey also emphasized the importance of evening classes in being 
able to complete the OCMS program. Also ranking high in reasons for en- 
rolling in ol '^campus courses was the perceived quality of the program. This 
may have been the result of several factors including OCMS brochures and 
fliers, organized meetings with representatives of the university to explain 
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Table 13-2. Importance of selected factors in off-campus enrollment. 





V ery 


Somewhat 


Somewhat 


Very 








iiiipurtant 


important unimportant unimportant Does not Average 


Factor 


(4) 


(3) 


(2) 


(1) 


apply 


ratmg 








% responding ■ 





















Convenience of 












3.6 


location 


Di) 


38 


3 


0 


0 


Convenience of 












3.4 


schedule 




62 


0 


0 


0 


Quality 01 












3.7 


program 


73 


24 


3 


0 


0 


Relevance to 














job 


53 


32 


6 


0 


9 


3.2 


Opportunity to 














combine 














study with 














full-time em- 












3.7 


ployment 


85 


6 


6 


0 


3 


Relevance of 














courses to 














degree ob- 












3.3 


jective 


47 


50 


3 


0 


0 



the program, and word of mouth from friends and acquaintances previous- 
ly involved in the program. Fifty-nine percent of respondents also identified 
convenience of location as very important. Students attending these classes 
are generally within 96 km (60 miles) of the location where classes are offered. 
Individual comments stress the fact that a M.S. degree would simply not be 
possible if classes were not brought to the student. More than 50% of the 
respondents also felt relevance to their job was a very important factor in 
their decision to enroll in off-campus courses. Slightly fewer students felt 
relevance of courses to degree objective was very important and only 38% 
of respondents chose convenience of schedule as being very important in the 
dr ision to enroll in off-campus courses. It should be noted that almost all 
classes in the OCMS program are offered in the evening or on Saturdays. 

Importance of Support Materials or Services 

Various supporting materials or services are offered for OCMS instruc- 
tion. Student responses indicated instructional materials provided by the 
faculty are most helpful with an average rating of 3.6/4.0 (Table 13-3). A 
significant factor in support of off-campus instruction is the availability of 
an in-call toll-free line for students. This line can reach the carnpus extramural 
office where questions relative to admission status, requests for transcripts, 
and financial assistance can be answered. The toU-lrcc line can also be used 
for academic advising sessions and student-instructor contact on course relat- 
ed materials. Students can, for example, seek help with problem sets or clarifi- 
cation of lecture materials from the instructor without the cost of long 
distance phone calls. The results of this survey (Table 13-3) indicate that 
while this service was deemed important (3.4/4.0 rating) some students (1507o) 
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Table 13-3 . Importance of various support services to off -campus instruction. 

Not Not Didn't 

Very very at all know Does 

helpful Helpful helpful helpful it was not Average 

Service (4) (3) (2) ( 1 ) available apply rating 



Course planning 


20 


54 


Student handbook 


15 


44 


Personal counseling 


35 


47 


On-campus visit 


26 


53 


Toll-free telephone 


44 


24 


Library resources 


15 


35 


Instructional ma- 






terials provided 






by faculty 


65 


35 



% responding 



11 


0 


11 


3 


3,1 


21 


6 


12 


3 


2,8 


6 


3 


6 


13 


3.3 


12 


0 


0 


9 


3,2 


9 


3 


15 


6 


3,4 


29 


15 


3 


3 


2,5 


0 


0 


0 


0 


3,6 



were not aware of its existence. Students rated the library resources the least 
helpful of the services or materials evaluated. Limitations of library services 
for off-campus instruction were discussed earlier. 

Benefits of the Off-Campus Courses 

Students were also asked to evaluate their perceived benefit of off- 
campus courses in their professional development. The results (Table 13-4) 
indicate the greatest improvement in the range of techniques and skills stu- 
dents gain. Sixty percent of the respondents believe their skills improved a 
great deal by participation in this program. Students also reported increased 
job mobility (rated 3.3/4.0) and increased prestige among professional col- 

Table 13-4. Effect of off-campus courses on selected factors. 
Improved 

a great Improved Does 
Factors deal somewhat Not Don't not Average 
(4) (3) improved Decreased know apply rating 



% responding 



Salary/income 


3 


40 


34 


6 


17 


0 


2.5 


Prestige among 
















professional col- 
















leagues 


17 


66 


3 


0 


9 


6 


3.2 


Range of tech- 
















niques and skills 


60 


34 


6 


0 


0 


0 


3.5 


Ability to influence 
















your organi- 
















zation 


0 


66 


M 


0 


n 


9 


2.8 


I^eadership within 
















professional or- 
















ganizations 


6 


47 


24 


0 


3 


21 


2.8 


Job advancement 
















where employed 


17 


23 


17 


0 


6 


37 


3.0 


Job mobility 


21 


41 


3 


0 


12 


24 


3.3 
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Table 13-5. Evaluation of perceived career opportunities for graduates with a strong 
training in soil sciences. ._ 

Excellent Good Fair Poor Very poor 
(1) (2) (3) (4) (5) 

% responding 

What do you believe are the career 
opportunities for graduates with 

a strong training in soil science? 10 b4 32 3 0 



leagues (3.2/4.0) as important benefits. The category receiving the lowest 
rating (2.5/4.0) was improvement in salary or income. Even so, 439/o of the 
students reported at least some improvement in salary or income as a result 
of off-campus courses while 34^o reported no improvement. 

The survey also asked the question, **What do you believe are the career 
opportunities for graduates with a strong training in soil science?'' Of the 
students responding to this only 109/o indicate excellent career opportunities 
for persons with a strong training in soil science, while those expecting career 
opportunities for these students to be good or fair were 54 and 32%, respec- 
tively (Table 13-5). 

An attempt was also made to determine which selected courses in the 
general area of soil science students believed were the most important in terms 
of training for their careers. Students responding included both those with 
soils as a primary interest (^20%) and those listing crop science as a major 
area of interest or whose primary interest was not listed. This ranking (Table 
13-6) provides guidance to those wishing to offer soil science courses in an 
off-campus program. Numerical rankings of the top four courses suggest 
they were clearly more important to students than the others listed. The need 
for soils courses addressing environmental issues in soil science was deemed 
more important by students in this survey than courses such as soil chemis- 
try, soil microbiology, or soil physics. 



Table 13-6. Courses ranked in order of im portance with respect to career training. 
Course title ^^^^g 

Soil fertility 1 

Basic soil science 2 

Soil-plant relationships 3 

Soil conservation ^ 

Environmental soil science isiues ^ 

Soil testing 6 
Soil chemsitry 

Soil microbiology ^ 

Soil organic matter ^ 

Soil physics 1^ 
Soil mineralogy 

Soil physical chemistr)' 12 

Research methods in soil analysis ]^ 
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Faculty Perspective 

The data reported in this chapter has been from a survey of OCMS stu- 
dents conducted in the summer of 1992; however a comprehensive evalua- 
tion of the off-campus program including students in the OCMS program, 
students simply taking off-campus classes and faculty was conducted in 1989. ' 
Questionnaires were sent to 26 faculty involved in off-campus teaching and 
full or partial responses were received from 24 individuals. Results from this 
evaluation indicate that faculty also believe off-campus instruction is both 
useful and successful. Eighty-four percent of those responding believe the 
academic subject matter covered in off-campus courses is the same as that 
normally covered when the same course is taught on campus. Slightly less 
(74%) indicated the amount of material covered in the off-campus degree 
program was the same as that covered on campus. Some instructors indicat- 
ed in written comments thai material taught was adjusted to reflect the in- 
terests and academic background of students involved. Some also felt the 
off-campus students had a stronger agronomic background because of job 
experiences which allowed more material to be presented. Laboratory exer- 
cises were identified as very difficult to accomplish in most off-campus set- 
tings because of lack of facilities and difficulty in transporting materials by 
the instructor. Ten out of 18 instructors evaluating student academic per- 
formance rated off-campus students equal or superior to on-campus students, 
five instructors indicated quality was too variable to make a distinction, while 
only 3 of IS believe the quality of the off-campus student is inferior to that 
of the students on campus. Approximately 90% of the instructors that 
responded believe the quality of their course taught off campus was equal 
or superior to the quality of the same course taught on campus. Thus in gener- 
al, faculty in this survey found off-campus instruction to be satisfying and 
rewarding. 

In summary, we have described an OCMS program at the University 
of Illinois that has been very successful. We believe it is a high quality pro- 
gram that has met the needs of students desiring a M.S. degree in agronomy 
but who cannot, for various reasons, return to the main campus. Perhaps 
the many expressions of the value and meaning of this program are related 
in the general comments of one student who wrote, *M found the program 
to be challenging and an opportunity to fulfill a life long dream that was 
not available to me otherwise. For the younger professional it is an opportu- 
nity to continue to earn a living, while advancing skills. In today's economy 
many of these people could not afford to take time-out to return to a cam- 
pus setting. It also challenges the instructors. It is no easy task to cram a 
week's worth of instructions into a one night session. After a long day both 
the instructor and student are tired. The material must be geared to grab 
attention and keep it! The instructor must be enthusiastic and above all well 
versed in their field because the student's experiences will likely be brought 
into the discussion, unlike an undergraduate class with no work experience. 
My thanks to Dr. Miller (the OCMS coordinator) and the University of II- 
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linois College of Agriculture for providing the vehicle for our minds to con- 
tinue to grow whatever our age may be!*' 
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ABSTRACT 

The Open University of the Netherlands provides academic programs for open 
distance education. The courses that make up the programs are developed for adult 
students who are not able to attend courses at regular universities. A description is 
given of a soil science course offered by the Department of Natural Sciences. The 
course consists of printed material, allowing study to take place at home, and makes 
use of interactive learning materials. The central theme of the course is the variety 
of function of soils, within the perspective of environmental issues in the Nether- 
lands. To enable the students to develop, in a distance-learning mode, the problem- 
solving skills needed in environmental soil research, an interactive video program forms 
an integral part of the course. It provides opportunities to the students to acquire 
and to analyze information from a number of sources, including soil-process models 
and Geographical Information Systems (GIS). 



In December 1990, the Open University of the Netherlands (OU) began to 
develop a new soil science course. This course, to be launched in mid-i993, 
forms a part of the Environmental Science curriculum of the Department 
of Natural Sciences and differs in two main respects from regular soil science 
courses. First, its didactic approach makes the course suitable for distance 
education. Secondly, the focus of the course on environmental issues is in 
sharp contrast with the orientation on soil genesis and agricultural soils 
adopted in traditional courses. 

This soil science course is described in detail in this chapter, which is 
organized as follows. First, a brief overview is given of the Dutch Open 
University, in particular of its educational format and of its targeted clien- 
tele. This overview is followed by a description of the philosophy behind 
the curriculum of the academic programs of the Department of Natural 
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Sciences. The consequences of this philosophy in terms of both program con- 
tents and course development are analyzed. The main part of this chapter 
considers the recent changes in the role of soil science in society and of their 
implications for soil science education at the OU. The objectives of environ- 
mental soil science education are discussed in detail as well as the possibili- 
ties that exist to achieve these objectives in a distance-learning mode, by 
adopting new didactic techniques and new means of communication. 

Although this chapter refers mainly to the situation currently existing 
in the Netherlands, it is hoped that it will provide useful ideas for soil science 
education in other countries. 



OPEN DISTANCE EDUCATION: A CHALLENGE 

The Netherlands have a system of higher education that is relatively af- 
fordable for students and is geographically dense, with neighboring univer- 
sities rarely >50 km apart. Nevertheless, enrollment of members of the lower 
socioeconomic classes, of women and of disabled persons tends to be tradi- 
tionally low in higher education. 

The OU was founded in 1984 to address, in particular, the educational 
needs of these underrepresented groups. One of its goals is to make higher 
education accessible to adults who currently do not have, or did not have 
when they were younger, the opportunity to benefit from the programs 
offered by regular institutions of higher education. In so doing, the OU ful- 
fills one of the ultimate objectives of democracy, that of providing equal 
opportunities to every member of society. 

As its name indicates, the OU is an institution for open or nonresiden- 
tial higher education. It offers courses and degree programs in seven subject 
areas, one of which is natural sciences. The only requirement to be met for 
admission in the OU is to be older than 18; certification of formal education 
is not a prerequisite. Neither does the OU require the students to reside or 
attend courses on a campus; freedom of location, time and pace of learning 
is an essential component of OU*s philosophy (e.g., Crombag et al., 1979; 
Kirschner et al., 1993). To ensure that learning can take place wherever each 
individual student lives or works, instruction is carried out via printed materi- 
als designed didactically in such a way that they allow the learner to obtain 
continuous feedback about his or her progress. In some cases, written notes 
alone do not suffice and must therefore be complemented by other materi- 
als. This is particularly true in fields like the natural sciences, where exposure 
of the students to experimental work (laboratory or field experiments and 
measurements) is necessary. By using modern multimedia technologies (e.g., 
videodiscs), this need can be partially, and sometimes even largely, satisfied. 

Like all Dutch universities, the OU is subsidized by the state. The cost 
associated with a full-year course load is similar to the tuition per academic 
year at regular universities. For Dutch nationals the fee for a l(X)-h course 
is DFl. 280 (1994, =^ $140), including the registration fee, tuition, advising, 
and examination. 
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At the foundation of the OU, it was predicted that its enrollment would 
eventually reach between 20 000 and 30 000 students. In 1991 however, total 
enrollments at the OU had already climbed to > 60 000 students. This num- 
ber included 4162 students in the Department of Natural Sciences, 322 of 
which intended to complete a degree program. Approximately 40% of the 
OU students lack the formal certification (i.e., high school degree or equiva- 
lent) needed to get access to traditional institutions of higher education. This 
high percentage suggests that the OU successfully fulfills its role of provid- 
ing a second chance to get access to higher education. The fact that the majori- 
ty (60%) of the students are well-educated indicates that the OU also 
contributes to satisfying the educational needs of a rapidly changing socie- 
ty, in which time and geographical constraints may prevent people who wish 
to deepen their knowledge or expertise in a given field from enrolhng at regu- 
lar universities. . ^ , 

In the long run, it is clear that the answer to the question of whether 
or not the OU is successfully achieving its objectives will depend on how 
its alumni fare on the job market. The first group of OU students to gradu- 
ate will do so in 1993. The fact that several of the natural sciences students 
have already received job offers even before they complete their degrees is 
an encouraging sign. It shows, indeed that the degree programs of the OU 
are perceived favorably by the general public. 

The OU differs from traditional institutions of higher education not only 
because of the groups of citizens it targets and because of its underlying 
philosophy of open distance education. Multidisciplinarity also plays an im- 
portant role in the conception of the educational programs of this young 
university; the OU has taken up the challenge of developing courses that are 
innovative in terms of both contents and format. 



DISTANCE EDUCATION IN THE NATURAL SCIENCES 

Philosophy 

The natural sciences involve discovering, describing and understanding 
the living- and non-living components of nature. The methodology used by 
scientists in this field are based on a combination of observation, experimen- 
tation, and scientific reasoning, all of which are founded on a strong basis 
of physics, chemistry, biology, and geology. Rather than strictly disciplinar 
(e g physical) outlooks on nature, however, approaches that are at the front- 
ier of various disciplines have generally become the rule. The study of soils 
is no exception in this respect. 

The natural sciences curriculum at the OU attempts to integrate phys- 
ics, chemistry, life sciences, and earth sciences. Designed with a problem- 
oriented perspective centered on the themes of the environment, on one hand, 
and of nutrition and toxicology, on the other, the degree programs offered 
by the OU involve new combinations of the traditional basic disciplines ot 
the natural sciences; natural phenomena are described and analyzed both 
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Table 14-1. Professional specialties of the staff members in the Department of Natural 
Sciences. 



Specializations 



Physics 

Chemistry 

Biology 

Geology 

Climate physics 

Biochemistry 

Pharmacology 

Toxicology 

Microbiology 



Specializations 



Physical geography i 

Soil science i 

Nutrition \ 

Health science i 

Environmental sciences i 

Human geography i 

Enviromental management i 

Political .>cience i 



at the molecular level and in relation to the system(s) of which they form 
a part. 

The degree programs of the OU also try to integrate natural sciences 
with social sciences by linking the understanding of natural phenomena with 
an analysis of problems of policy and management. This deliberate bias 
toward multidisciplinarity is also reflected in the wide variety existing in the 
professional specialties of the staff members in OU*s Department of Natur- 
al Sciences (Table 14-1). 

Practical exercises and laboratory experimentation constitute an essen- 
tial part of traditional science education. They have to be deemphasized, 
however, in the context of the OU to remain in keeping with its philosophy 
(based on freedom of location, time, and pace of study). They are neverthe- 
less not eliminated altogether. The students have to carry out two face-to- 
face (student-teacher) laboratories to acquire the skills of observation and 
experimentation (Kirschner et al., 1993). These multidisciplinary, problem- 
oriented laboratories take place during holiday periods in laboratory facili- 
ties at regular universities, and include short guest lectures by professors from 
different disciplines and institutions. In addition to these (limited) laborato- 
ry sessions, extensive use is made of novel learning technologies (e.g., inter- 
active videodiscs and compact discs), in combination with more traditional 
didactic techniques (e.g., simulations and case-studies). These various tools, 
which have been shown to assist the learning process efficiently (e.g., Kirsch- 
ner, 1991), arc used in conjunction with the laboratory sessions as didactic 
methods for learning and practicing the activities that constitute the profes- 
sion of natural scientist. 

In the second half of the study program, 800 h of internship in a research 
institution are compulsory. Supervision of this internship by a researcher af- 
filiated with this institution, and by a staff member of the OU, guarantees 
the quality of the work. An internship offers the opportunity of a unique 
learning experience in the design, experimentation, and reporting stages of 
a research project. At the same time, it affords a unique opportunity for 
close interactions between students and potential future employers (Daniels 
ct al., 1992). 
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Table 14-2. Curriculum of the Department of Natural Sciences. 



Full academic (M.Sc.) Short academic 

degree programs degree programs 

(5400 h study load) (1100-1500 h study load) 



Courses 
(50-200 h study load) 



Environmental Sciences Applied Ecology 
Environmental Policy Environment & Chemistry 



& Management Geosystems 
Nutrition & Toxicology Ecotoxicology 



Self-contained units 
Three academic levels 
Multidisciplinary 



Environmental Management 
Biotechnology 
International Issues in 



Environmental Sciences 
(under development) 



The Curriculum 



The Department of Natural Sciences at the OU offers degree programs 
in three different areas; (i) environmental sciences, (ii) environmental policy 
and management and (iii) nutrition and toxicology (Table 14-2). The final 
academic degree awarded by OU is the Dutch equivalent of the M.S. degree. 

The courses that make up these programs are divided into three levels. 
First level (undergraduate) courses provide students with a body of general, 
basic knowledge in given areas. Second and third level courses allow the stu- 
dents to improve their theoretical and methodological knowledge and skills, 
and to integrate various disciplinary viewpoints. In third level courses, self- 
discovery learning and problem-solving are emphasized. 

Each degree program comprises ^ 40 courses and a final research in- 
ternship. The courses are designed in such a way that they can be studied 
more or less independently of each other. Because of this modular structure, 
multiple combinations of courses, corresponding to individual needs or in- 
terests, can be elaborated. In some cases, to satisfy the learning needs and 
upgrade the expertise of already well-qualified people, short academic degree 
programs arc developed, focusing on one particular aspect of the full aca- 
demic degree program (see Table 14-2). 



The first stage in the development of a new course at the OU (Sloep 
et al., 1993) involves, collectively, all the staff members of the department 
that is planning to offer the course (Table 14--3). A number of ideas are pro- 
posed, sometimes pointing to very different directions. A staff member, desig- 
nated as the future course team manager, is then responsible for drafting 
a preliminary outline of the course. Already during this initial stage, con- 
tacts are established with external professional specialists and with educa- 
tional technologists of OU's Centre of Educational Production. These 
contacts are a crucial component of the course development procedure. Even 
though staff members sometimes end up writing significant portions of the 
course m-itcrials, their key task is to integrate the external professional 



Stages in Course Development 



LANSU ET AL. 



Table 14-3. The course development procedure at the Department of Natural Sciences. 









Time 


Stage Task 


Responsible 


period, mo 


1 


Drafting preliminary outline of 








the course contents 


out staff members 


3 


2 


Drafting of course plan 


OU staff member(s) -\- etf. 








with advise of external 








specialists 


3 


3 


Instruction of external specialists 


ctmt -t- ett 


1 




Writing of first version 


External specialists ( ctm) 


5 




Evaluation 


ctm -1- et -♦- external referee 


2 




Writing of revised versions 


External specialists ( -♦- ctm) 


5 


4 


Field trial of course material 


et -♦- ctm 


3 




Finalizing course 


ctm 


5 


5 


Technical production 


OU publishing department 


3 



tctm. Open University (OU) course team manager (scientific staff member), 
t et, OU educational technologist. 



knowledge with the didactic expertise available within the OU. This approach 
permits state-of-the-art scientific and technical information to be made readily 
accessible to the targeted audience. 

Drafting of the detailed course pian (Stage 2) involves the close collabo- 
ration of all the members of the course team, which guarantees an optimum 
tuning of individual contributions. After the course plan is approved by the 
team, the actual writing (Stage 3) begins, closely associated with the develop- 
ment of nonwritten materials. Once the initial work on these written and 
nonwritten materials is completed, they are analyzed and evaluated by stu- 
dents belonging to the group targeted by tb^ course. These students provide 
comments on the content and format of the course and indicate major bot- 
tlenecks. Based on these comments, a final version of the course materials 
is elaborated. Since knowledge, in many fields, is changing rapidly, each 
course has to be partially or, in some cases, entirely revised every 5 to 7 yr. 

In addition to course-specific testing, the OU also evaluates the ex- 
periences of students with new media technologies in the natural sciences. 
Extensive research has been carried out, for example, on the anticipated and 
actual objectives of natural sciences didactic exercises (Kirschner, 1991). The 
results of this research are used in the design of new types of exercises rely- 
ing on electronic media and of multidisciplinary face-to-face laboratories. 



CHANGES IN SOIL SCIENCE EDUCATION 
IN THE NETHERLANDS 

In the Netherlands, soil science education at the university level has 
changed during the last decade. From being mainly qualitative, oriented 
toward soil genesis (e.g. , particularly at the University of Utrecht) and toward 
assessments of land suitability for agriculture (e.g., at the Wageningen 
Agricultural University), soil science itself has evolved during the years, in 
the direction of a more quantitative, problem-solving approach. This shift 
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has been evinced by progressively increasing emphasis placed on quantita- 
tive land evaluation, quantification of the spatial variability of soil charac- 
teristics and process-oriented modeling of soil processes. In recent years, soil 
science graduates have also more and more frequently found employment 
as members of teams concerned with environmental decision making. As a 
result of these trends, soil science education programs have increasingly had 
to try to prepare students in such a way that they would be able to use their 
scientific knowledge to elaborate quantitatively sound policy and manage- 
ment decision, for example in probabilistic risk assessments (Bouma, 1989; 
Montagne, 1987). 

This evolution has been paralleled by a profound change of the concept 
of soil. Traditionally, the latter was defined as the natural medium support- 
ing the growth of plants, with a lower limit corresponding to the maximum 
depth of penetration of plant roots or biological activity (e.g., Bates & Jack- 
son, 1980). In recent years, the general public has become acutely aware that 
boils are far more than just a resource or a support for agriculture; among 
many other roles, they also serve as sinks or even, in some cases, threaten 
to become chemical time bombs (Stigliani et al., 1991). As a result, the con- 
cept of soil has changed, becoming much broader, particularly in the en- 
vironmental debate and in discussions about soil protection policy (e.g., Blum, 
1993). From this enlarged viewpoint, soil is referred to as the upper part of 
the earth's surface, influenced by human and ecological activities. The depth 
of the soil can be quite variable and depends on the lower limits of the in- 
fluences of the social and ecological functions of the soil. 

The Dutch soil protection act of 1986 mentions a number of functions 
for soils, e.g., support for buildings and infrastructure, production of crops 
and food, role as resource, and the ecological and aesthetical role of soils. 
Besides these various functions, the Council of Europe (Blum, 1993) recog- 
nizes two additional ones: the function of the soil as cultural heritage and 
as a biological habitat and gene reserve. A clear example of the enlarged con- 
cept of soil is related to the function of the soil as drinking water reservoir. 
In the Netherlands, the present lower limits of the soil with respect to this 
particular function can t j as deep as 200 m. 



THE COURSE SOKE AND ENVIRONMENT 
Target Groups and Objectives 

The course entitled Soil and Environment is primarily aimed at people 
involved in soils-related policy decisions, either as members or as leaders of 
decision-making teams. The course is being developed to meet their appar- 
ent needs for knowledge on soils and soil functions, within the context of 
the environmental policy of the Netherlands. 

After studying the course, the students are expected to be able to judge 
both the (soil) scientific background of soil quality criteria or legislations, 
and to untlerstand the socioeconomic and political context in which soil qual- 
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ity standards are established. The main learning objectives therefore are to 
gain insight in the functioning of the soil system within the general frame- 
work of Dutch ecosystems, and to get a good grasp of the various consider- 
ations on which soil quality policy is based. The course has the objective 
to introduce the students to the problem-solving approach of soil environ- 
mental research. 

The course Soii and Environment is, in the classification of the OU, 
a third or upper level course, with a study load of 150 h. Its prerequisites 
are a sound background in the natural sciences. 



When designing soil science curricula in a university environment, one 
should as much as possible attempt to respond to the needs expressed out- 
side academe (e.g.. Montagne. 1987). In the case of the environmental courses 
offered by the OU. the targeted publics of upgraders and updaters are main- 
ly working in nonat^ademic sectors, e.g., in private companies or in govern- 
mental agencies. They are as a rule more interested in the problem-solving 
approach of soil environmental research than in the traditional, descriptive 
approach. This determines the direction to take in establishing the contents 
of courses at the OU. 

In the course Soil and Environment ^ the above-mentioned enlarged con- 
cept of soil is used throughout. The focus of the course is on soils, soil func- 
tions, and soil policy within the Netherlands. Because of the high population 
density in this country (442 inhabitants per square kilometer in 1990), the 
environmental debate at the local and regional scales tends to be dominated 
by issues related to soil quality and to spatially-oriented soil functions. In 
the Netherlands, there are hardly any areas without conflicts on land use. 
Via targeted policies, however, the (central) Dutch government tries to achieve 
the multifunctionality of all soils, in order to assure sustainable use. A soil 
is termed multifunctional if its quality is such that the soil is able to effec- 
tively fulfill a number of functions simultaneously. In practice, both local 
and national authorities have to decide in each individual case to give prior- 
ity to one function at the cost of other soil functions. In the course Soil and 
Environment, the students are confronted with these kinds of decisions in 
policy making. 

The first block of the course describes the major properties of the soil 
and the basic processes that take place within it. This block provides the back- 
ground necessary for understanding soil environmental research. Particular 
emphasis is placed on the spatial interactions of soil processes and on the 
behavior of water, nutrients, and chemicals in the soil. 

The central therne of the course, the variety of functions of the soil, 
IS dealt within the second block (Table 14-4). Each function is discussed on 
the basis of examples from the Netherlands. A large number of different 
uses of soils are discussed, along with their consequences for the environ- 
ment. At the end of this block, decision-making processes relative to soil 
usages are analyzed in detail. In particular, the normative, administrative 
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Table 14-4. Contents of the block on Soil Functions of the course Soil and Environment. 



Study 
unitt 



1 
2 
3 
4 
5 
6 

7 
8 
9 



10 
11 
12 



Chapters in textbook 



Cases in interactive video program 



Soils in natural ecosystem 
The soil archive 

Bearer of buildings and infrastructure 
Supplier of resources 
Waste depository 



Producer of agricultural products 
Water reservoir 



Soil protection 
Multifunctionality of soils 



Point source soil pollution: 
galvainic factory premises 



Nonpoint source soil pollution: 
nitrate leaching by slurry 
application 



Soil protection: 
regional planning of soil 
protection areas 



t Study-unit in course book Part 2. 



and legal aspects of regional planning and (local) environmental policy are 
dealt with. 

Three cases of soil environmental problems, based on recently published 
research form an integral part of the soil functions block (Table 14-4). These 
cases are developed to teach to the students the skills of problem-solving in 
environmental soil issues. This is done practically with the help of an inter- 
active video program (see section below). At the same time, these three cases 
enable the students to become acquainted with the decision-making process 
involved in resolving conflicts on soil functions. 



DIDACTIC TECHNIQUES, NEW TECHNOLOGIES 

in designing a course for the OU, five groups of factors interact: (i) the 
nature of the objectives the course is meant to address, (ii) the type of stu- 
dents the course is targetting, (ii) the subject matter, (iv) the didactic approach 
of the OU, and (v) constraining conditions like time and money. Careful 
consideration of these often conflicting factors is required before one can 
make a choice among a number of didactic alternatives available for the de- 
velopment of a given course. These alternatives generally differ in their didac- 
tic functionality (e.g., in the amount of guidance made available to students). 

In the case of the course Soil and Environment, a combination of didactic 
alternatives were chosen, rather than a sin[:le one. Throughout the course 
the amount of guidance provided within the learning material (course book) 
decreases in parallel with a gradual increase of the freedom of study. A 
schematic diagram of the didactic design is given in Fig. 14-1. 

The first block of the course has to introduce students in a rapid and 
effective mannerto the basic principles of soil science, a prerequisite to 
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I didactic techniques | contents/sources | 




• U'xt> 



assessment 



s^ratiiti^ iiwd ^uuiamt } tutor 



Fig. 14-1, Relationship between the level of guidance and the use of particular didactic tech- 
niques throughout the course Soii and Environment, 



understand the material on soil functions in Block 2. The educational con- 
tent of Block 1 is presented in study units (Table 14-5) and offered as course 
book Part 1. 

The study-unit method is designed to enable the students to gain 
knowledge by self-study in an effective way. The contents are divided into 
units of an average length of 25 pages (4 h or a one-shift study load). A var- 
iety of techniques gives the student extensive didactic guidance. The didactic 
techniques, integrated in the educational content of the text, consist of care- 
fully and explicitly stated learning objectives, key words, margin texts, in- 
text questions, tasks, and self-assessment questions (see Table 14-6). 

The second block of the course, on soil functions, offers various sources 
of information by means of workbook-source material. This block is deve- 
loped to teach the students the skills and attitudes for problem-solving in 
soil environmental research. The use of diffcient types of source materials, 
along with the course book, facilitates self-discovery learning. The study- 
units in the course book Part 2 provide iess didactic guidance, compared with 
the study-units of course book Part 1 (see Table 14-5). Emphasis is put in- 
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Table 14-5. Didactic structure of the course Soil and Environment for open distance edu- 
cation. 



Component 



Contents 



Didactic technique 



Study load 



Course book 
Part 1 



Course book 
Part 2 



Textbook 
Maps 

Interactive 
video program 



Assessment 



Properties of the soil; 
basic soil processes 



Introduction to and ex- 
planation of the text- 
book chapters and the 
cases of the interactive 
video 

Soil functions and the 

decision-making process 
Spatial information 
Information on three 
cases of soil environ- 
mental issues in the 
Netherlands 

Essays on cases of the 
interactive video 
program 



Study-units with stated 
learning objectives, key 
words, margin texts, in- 
text questions and self- 
assessment questions. 

Workbook with stated 
learning objectives, 
tasks £ind self-assess- 
ment questions 

Textbook with key words 

Selected fragments 
Computer-aided learning 
with preselected in- 
formation and in- 
program guidance 

Grading (and guidance) 
by tutor 



65 h 



57 h 



28 h 



creasingly on application of knowledge and on decision making. After an 
introduction and a list of learning objeciives in course book Part 2, students 
are guided by means of tasks towards other sources of information. These 
additional information sources are a textbook with chapters on soil func- 



Table 14-6. Explanation of the didactic techniques used in course book Part 1 (study 
unit variant). 

Didactic technique Explanation ^ 

Learning objectives Each study-unit begins with the learning objectives. These 
objectives are statements of what the study should be 
capable of doing after studying the material in the unit. 

Key words New terms and concepts are known as key words. They are 

indicated in both the text and in the left hand margin. 
The key words structure the contents and give guidance 
in studying the text and retrieving information. 

Margin texts Margin texts function as infownal comments and hints of the 

teacher. 

In-text questions In-text questions are followed immediately by an answer. 

These are meant to make the student pause and give the 
opportunity to recapitulate the above given information. 

Tasks Tasks are aimed to make the student use important concepts 

and put his or her newly acquired knowledge to use 
through a practical application. 

Self assessment Self-assessment questions appear at the end of each study 
questions unit. These questions enable the student to check whether 
the important concepts in the text are understood. Each 
question is related to the learning objectives of the 
study-unit. 
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tions and soil policy {Ivens and Lansu, 1993), (thematic) maps, and f*n inter- 
active video program with various information materials describing real-life 
cases of environmental problems relative to soils. 

Updaters and upgraders can choose the relevant study-units on the basis 
of their specific learning objectives. For professional updaters, the textbook 
provides a state-of-the-art coverage of environmental joil science in the con- 
text of Dutch soil policy. 

The .cases serve the dual role of problem-solving exercises and grading 
tools. The information on the case problems forms part of the block on soil 
functions and soil policy. The specific contents of the cases will be elaborat- 
ed on. The students have to write an essay on each case. The first case, on 
source point pollution, is guided didactically by self-assessment of the writ- 
ten assignment. Students get acquainted with problem-solving strategies to 
disentangle the multifaceted information available on the item. The second 
case, on noiipoint source pollution, and the third case, on regional planning 
of soil protection areas, serve as grading assessments. A correspondence tu- 
tor is available for reviewing and grading the essays. One of the prerequi- 
sites to obtaining satisfactory grades in these essays is to have a good grasp 
of the basic concepts of soil science (at the level of Block 1). 



PRACTICAL KXERCISES ON INTKRACTIVE VIDEO DISC 

In a professional context, soil environmental issues are analyzed and 
problems are solved by using a wide variety of information sources. The 
professional scientist extracts the data needed by reading reports and scien- 
tific papers, analyzing maps and remote sensing images, interviewing experts, 
using computer models and geographical information systems, and making 
field trips. In regular education programs, these information-gathering skills 
are taught in workshops or via research projects with direct student-tutor 
contacts. In the absence of face-to-facc and time-constrained practical exer- 
cises, as is the case in distance education, the only way to simulate the same 
activities and situations as in the professional context seemed to be by using 
an interactive video program. An educational interactive video program (IV) 
consists of a video disc controlled by the student via a computer-assisted learn- 
ing program. It is an effective didactic tool to offer variable sources of 
preselected information (Hannaway et al., 1988), to analyze spatial infor- 
mation (Maguirc, 1989) and to enable students to be exposed to practical 
exercises such as laboratories and field trips. 

As part ot the course Soil and Environment, an interactive video pro- 
gram is designed after the typical work desk of a professional. The interac- 
tive video program offers to the students written information (report 
fragments) and audio-visual information (interviews, field trips, maps, 
figures, and pictures) concerning the three cases on environmental soil issues. 
Besides these information sources, interactive use is possible of preprocesscd 
results of geographical information systems (GIS) and soil process models. 
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In each case study, the students are placed in the role of a professional are 
assigned specific tasks. 

All three cases are situated in one physical geographical unit, the eastern 
part of the province of North-Brabant. In this region, agriculture, nature, 
and industry make conflicting claims on the use of soils. The first case deals 
with a point source pollution on the premises of a former galvanic factory 
(Staritsky et al., 1992). This is an example of deterioration of soil quality 
at a local level. The students have to evaluate a number of clean-up strate- 
gies. The second case, on nonpoint source pollution, deals with the thregit 
to drinking water supplies created by NO3 leaching from agricultural lands 
(Kragt & de Vries, 1990). The students are asked to consider the regional 
effects of several scenarios for restricting slurry application, with the help 
of CIS and a NO3 leaching model (RENLEM). In the final case, the stu- 
dents are confronted with the regional planning of soil protection areas and 
have to evaluate the consequences, the effectiveness and the feasibility of 
such set-aside areas (Eweg, 1994; Bevers et al., 1991). 

Each case is divided in several topics and each topic consists of select- 
ed, multifaceted, sources of information. The sources can be browsed directly, 
or with the help of an electronic tutor, with guidance on demand. The ses- 
sions involving the interactive video program arc estimated to last 4 h for 
each case. They take place at one of the regional study centers of the OU 
where video disc players and multimedia computers are available. At the cur- 
rent speed of technological innovations, it is expected that distance students 
will be able to use these kinds of programs at home in the very near future. 



A CHALLENGE FOR TRADITIONAL UNIVERSITIES? 

At present, one is wittnessing an almost unbridled growth of educational 
programs dealing with environmental sciences, as well as the reorientation 
of existing programs in that same direction. Many of these new or reformed 
education offerings are limited by their reliance on traditional and discipli- 
nary concepts and methodologies. By contrast, the multidisciplinary and 
problem-oriented approach to environmental issues, described above, opens 
new horizons. Although it seems particularly adapted to open distance edu- 
cation, the central theme of soil functions could also be adopted in regular 
soil science education at traditional universities. 

The design and development of an interactive video program requires 
an extensive investment of time and money in professional, educational and 
technological expertise. Both expertise and sufficient financial resources may 
be lacking in traditional universities to carry out this type of endeavor. 
Nevertheless, it is likely that the interactive video program described above, 
or comparable ones, would also be useful in traditional education programs 
based on direct teacher-student contacts. An individual practical session with 
the interactive video program teaches to students the skills of soil environ- 
mental research. Such an individual session assures an effective preparation 
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before starting a research project, without any time investment on the part 
of the tutor. 
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ABSTRACT 



The learning projects carried out by soil scientists after they leave graduate school 
are predominantly self-planned and autonomous. Yet colleges and universities are 
not preparing their students for this kind of learning, different in many ways from 
that occurring in formal settings in response to teacher-controlled instruction. The 
abundant literature that has recently been published on autodidactic learning sug- 
gests that teachers can play an active role in boosting their students' competence in 
this respect. After reviewing this literature, I describe a one-semester graduate soil 
physics course designed to make students familiar with the steps involved in typical 
self-directed learning events. This course consists of classroom lectures, where the 
Instructor tries to make as apparent as possible his own learning process, and of weekly 
one-on-one tutorial sessions in which the students are placed in situations resembling 
as closely as possible those they will encounter in their future professional activities. 
Qualitative observations on my experience with this format since 1985 are analyzed 
and discussed in detail, particularly in terms of difficulties associated with the stu- 
dents* occasionally negative reactions. A number of perspectives for improviri^ 
course format are briefly outlined. 



Every man who rises above the common level has received two educations: the 
first from his teachers; the second, more personal and important, from himself. 

E. Gibbon (1796) 

The truth is that even those who enjoy to the greatest extent the advantages 
of what is called a regular education must be their own instructors as to the 
greater portion of what they acquire, if they are ever to advance beyond the 
elements of learning. What they learn at schools and colleges is comparatively 
of small value, unless their own ofterreading and study improve those ad- 
vantages. 
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In 1895, at the age of 21, Winston Churchill came to realize that, in 
his words, **scarcely anything material or established which I was brought 
up to believe was permanent and vital, had lasted. Everything I was sure 
or taught to be sure was impossible, had happened" (Churchill, 1972). To- 
day, almost 100 yr later, the pace of social, economical, and political changes 
had not abated, as the recent events in eastern Europe and in the former 
Soviet Union amply demonstrate. Advances in science and technology oc- 
cur at an equally breathtaking rate; it has been recently estimated that the 
amount of information in the world doubles every 4 to 7 yr (Apps, 1988; 
Gaylc, 1990) and that half of what most professionals know when they fin- 
ish their formal training is outdated in < 5 yr. Not only is there considerably 
more information than ever before, but links with technology have made 
its storage, transmission, and access much easier (Merriam & Caffarella, 
1991). In this respct as in many others, developments that yesterday were 
in the realm of science fiction are now taken for granted (Candy, 1991). 

Widespread adoption of some of these new technologies (e.g., video 
equipment, satellite transmission, and multimedia personal computers) has 
profoundly expanded the limits of the traditional classroom. In contrast, the 
conception of education itself does not seem to have evolved noticeably. At 
the margins, in experimental programs and in some areas where change has 
led to profound problems such as mass unemployment or extreme racial ten- 
sions, educational providers have been willing in recent years to envisage dras- 
tic reforms (see e.g., Halterman, 1983; Bawden & Valentine, 1984; Bauer, 
1985; Bawden, 1988; Rohfeld, 1991). However, in most mainstream institu- 
tions, in schools, colleges, universities, and even in adult education organi- 
zations, it is undeniable that it is "still very much a matter of business as 
usual, and [that] there is little more than a cursory nod in the direction of 
equipping people for a rapidly changing and uncertain future'' (Candy, 1991, 
p. 51). 

This slow evolution of the mainstream views on education may be due 
partially to the fact that having, in the vast majority of cases, not received 
any training in the philosophy of education or the theories of cognition, col- 
lege and university professors tend to replicate the model they have ex- 
perienced during their own studies (Reetz, 1972; Dunleavy, 1986; Eble, 1988). 
As a result of this imitative teaching pattern (Cross, 1991), encouraged in 
many ways by higher education's current (research-oriented) reward system, 
the views on education of most college professors are, by and large, identi- 
cal to those advocated > 150 yr ago. Now, as it was then, learning is gener- 
ally equated to being taught (Knowles, 1975, 1984). Kidd (1973) observes 
that it is as if **education must be carried out in a rectangular room, and 
that learning only happens where they are [. . ,] students and one teacher.** 
Furthermore, like 150 yr ago, teachers pay very little attention to the actual 
learning that takes place in and outside the classroom (e.g., Bok, 1986, p. 
153). A recent survey (Cross, 1991) reveals that relatively few college teachers 
see students as growing, developing learners and that only 26^o of the science 
teachers are willing to consider as an essential teaching goal the preparation 
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of the students for the learning that they will have to carry out during the 
rest of their lives. 

In the last few decades, numerous educators (Jackson, 1986; Resnick, 
1987) have argued that, in order to adequately meet increasingly diverse educa- 
tional demands and to prepare people effectively for a rapidly changing world, 
a radical rethinking is required of our views on education and of the organi- 
zation of formal educational systems at all levels, from kindergarten to doc- 
toral programs (e.g., Naisbitt & Aburdene, 1985; Jones & Cooper, 1980; 
Guglielmino et al., 1987; Martin, 1991). The purpose of schooling can no 
longer be to simply transmit fixed bodies of information (Bok, 1986). As 
Knowles (1975) puts it, **In the civilization of our forefathers it may have 
been possible for people to learn in their youthful years most of what they 
would need to know for the rest of their life, but this is no longer true. [. .] 
When a person leaves schooling, he or she must not only have a foundation 
of knowledge acquired in the course of learning to inquire but, more impor- 
tantly, also have the ability to go on acquiring new knowledge easily and 
skillfully the rest of his or her life. [. .] Education— or, even better, learn- 
ing—must now be defined as a lifelong process.'' 

These views have been echoed occasionally in the writings of soil scien- 
tists. Low (1970), for example, emphasizes the fact that **a scientist's educa- 
tion should not stop with the Ph.D. degree. If he is successful, he will have 
to continue the learning process the rest of his life." In a similar vein, Niel- 
sen (1970) argues that an integral part of the question of how to teach soil 
physics courses is **how a student can be taught to use his imagination to 
continue to learn and to progress." Unfortunately, this important question 
has seldom been raised again, let alone answered, in the last 20 yr. 

Addressing this question properly in the context of soil science educa- 
tion requires detailed, quantitative information on the way successful soil 
scientists continue to learn and acquire new knowledge, once they have left 
graduate school. Unfortunately, this type of information is lacking, in soil 
science as in most other fields (Candy & Crebert, 1991). Informal surveys 
that I have conducted over the years suggest, nevertheless, that only a minute 
minority of active soil scientists elects to learn hy. being taught. Whether in 
academia, in state and federal agencies, or in the private sector, most soil 
scientists apparently attempt to satisfy their learning needs themselves, via 
discussions with colleagues or by reading appropriate references on their own. 
This seems particularly true of those who routinely use computers in their 
work; few of them would even envisage to enroll in courses to learn to use 
particular softwares when it is so much more convenient and practical to 
read self-study guides, available in most bookstores and updated regularly. 

The fact that this autodidactic option is so widely adopted seems due 
to a number of reasons, several of which are common to many adult learn- 
ers. Scheduling, location, and financial constraints are indeed frequent de- 
terrents to participation in traditional continuing education programs (e.g., 
Pcnland, 1978, 1979; Cross, 1981). A more distinctive reason, however, is 
that formal (classroom) instruction often proves extremely unwieldy and frus- 
trating to individuals with very specific and relatively high-level learning needs 
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(Hiemstra & Sisco, 1990; and the vivid example in Gross, 1991, p. 208). 
Whether or not it is the most expedient and efficient way to acquire new 
knowledge (Low, 1970), audodidactic learning often is for active soil scien- 
tists the only viable option to do so. 

The key question presently confronting graduate soil science education, 
therefore, is whether there is anything at all that can be done to prepare and 
equip students for their future autodidactic learning. As recently as 20 yr 
ago, educational research findings provided little help to address this issue. 
In 1973, R. Gross (1973) came to the grim conclusion that **[. .] the litera- 
ture of education is virtually devoid of studies of individual learning in its 
real-life context.** Since then, fortunately, the research on self-directed learn- 
ing and autodidaxy has experienced a **meteoric rise to prominence** (Can- 
dy, 1991). As a result, the body of literature in this field has greatly expanded. 
Admittedly, many aspects of self-direction, autonomy in learning and auto- 
didaxy are still poorly understood. Nevertheless, there seems now to be 
enough of a conceptual foundation to begin to answer the question raised 
above. My intent in the following few pages is to describe what appears to 
be a first step made in this direction. 

The present chapter is organized as follows. In the second section, im- 
n^ediately following this introduction, the results of studies on self-direction 
and autodidactic learning are reviewed critically. A number of excellent and 
thorough reviews of this field have been published recently (e.g., Hiemstra 
& Sisco, 1990; Smith, 1990; Candy, 1991; Merriam & Caffarella, 1991). 
Therefore, the coverage here focuses on the published results that bear direct 
relevance to fostering self-directed learning in graduate courses. Even in this 
restricted context, many of the very interesting philosophical developments 
of the last few years, like Candy *s (1989) constructivist model or Tremblay 
and Theirs (1991) model of autodidaxy, are beyond the scope of the present 
chapter. This review serves as the conceptual background for the third sec- 
tion, in which I describe in detail the one-semester graduate soil physics course 
that has been designed specifically to enhance students* self-directed learn- 
ing skills. In particular, the quintessential component of this graduate course, 
the individual weekly tutorial, is analyzed in detail. Some of the problems 
and difficulties encountered with the course format since 1985 are discussed 
in the fourth section. Finally, in the last part of this chapter, prospects for 
future developments of the tutorial format, as well as some of the aspects 
of the approach that are in need of further confirmatory research, are brief- 
ly outlined. It is hoped that the few thoughts presented in the following pages 
will be of some use not only to those involved in the teaching of soil science 
graduate courses but also to all scientists interested in reflecting about their 
own learning processes. 

EDUCATIONAL SCIENCES BACKGROUND 

Learner-Control Versus Autodidactic Learning 

In recent years, self-direction in learning has progressively emerged as 
one of the most attractive and vital concepts in educational research and prac- 
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tice. This movement has resulted in many hundreds of masters* theses, doc- 
toral dissertations, journal articles, research reports, conference papers, and 
books. The first contact with this huge and rapidly expanding amount of 
literature is intimidating and often confusing. One reason for this is the pro- 
fusion of labels under which the field is referred to: autodidaxy, autono- 
mous learning, independent learning, individual self-planned learning, 
learner-controlled directed instruction, learner-managed learning, nontradi- 
tional learning, open learning, participatory learning, peak learning, self- 
directed learning, self education, self-organized learning, self-planned learn- 
ing, self-reliant learning, self-responsible learning, self-siudy, and self- 
teaching.. As Candy (1987) notes, **this proliferation of terms would be 
difficult enough if they were all exact synonyms, but the problem is made 
worse by the fact that different authors use the same term to mean different 
things, and sometimes they use different terms to mean the same thing.*' 
As an example of the first situation, Moore (1973) identified at least four 
different meanings commonly encountered for the term independent study: 
correspondence courses; individualized, programmed instruction in a school 
setting; supervised reading programs in school; and out-of-school, part-time 
degree programs for adults. 

Fortunately, significant efforts have been made in recent years to dissi- 
pate some of the confusion associated with this multiplicity of labels. Candy 
(1989, 1990, 1991), in particular, has proposed an appealing four-way clas- 
sification, which will be adopted in the following. He suggested that the term 
self-direction in learning, as used in the literature, embraces dimensions of 
process (i.e., means) and product (i.e., goal), and that it refers to four dis- 
tinct concepts: self-direction as a mode of organizing instruction in formal 
settings (learner-control); self-direction as the individual, noninstitutional pur- 
suit of learning opportunities in the natural societal setting (autodidaxy); self- 
direction as the willingness and capacity to conduct one's own education (self- 
management); and self-direction as a personal attribute (personal autonomy). 

To understand the operational limits of attempts to foster the capabili- 
ty for self-direction in learning, it is important lo grasp the differences exist- 
ing between the two process components of self-direction: learner-control 
and autodidaxy. To this end, it is useful to review briefly why and how these 
two components became the object of so much attention by educational 
researchers. 

The last few decades have witnessed a growing realization that teacher- 
controlled education often nurtures the dependency of students upon teachers 
(e.g., Kahnweiler, 1991; Grow, 1991a). The learning orientation that is as- 
sociated with this dependency has been occasionally termed achievement- 
oriented kdivning (e.g., Candy, 1991). It has to do with using whatever learn- 
ing strategy is appropriate to attain high grades or to please the teacher. A 
genuine interest in the subject matter itself is not a prerequisite for this type 
of learning, nor is it always one of its outcomes. Competencies needed to 
succeed at it involve patient note taking, the ability to spot examination ques- 
tions, and a good memory (Jackson, 1986; Cornwall, 1988). As Boud (1988, 
p, 35-36) points out, **there have been a number of notable studies over the 
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nrnh hi^'? demonstrated that assessment methods and requirements 
probably have a greater mfluence on how and what students learn than any 
other snig e factor. Th.s mfluence may well be of greater importance than 
the impact of teachers or teaching materials." 

Over the years, various alternatives have been proposed in order to dis- 
courage the adoption by the studems of a strictly achievement-o ient d an- 
proach to learnmg. Several of these alternatives attempted to mlintafn 

Launllard (1979), for example, suggested the adoption of assessmem tasks 
t at require deep approaches to learning and thereby discourage st ien 
from uMng reproducmg strategies. Most often, however, the approaches tha 

aTpTc^s ;rthe 1?°?^^';° """'^""^ ^° conuorof ceVtafn 

IZIT J t s't"at.on (e.g., Hiemstra & Sisco, 1990). These 

approaches have raised considerable controversy (e.g., Knowles 1975- Brook 
Held 1986; Candy. 1987. 1990; Pratt, 1988; MerH;m & Cafflrel L 99 ' 
p. 53) Nevertheless, the motivation for this partial or total surrender has 

iZi^Trr:' ""'"^^ ^"^^^^ '^^'^ perhaps 

if f.Z r coiiventional terms as the acquisition of a certain amount 

of factual information, learner-control leads to enhanced learning outcomes 
oSa e;.r P- 'earner-control seems to enta 1 

i '^'""^'"S. and information seeking be- 

havior. Furthermore, the quality and retention of understandings appear to 

. ."sentS^nro " ' responsibility to sor, ou, essentLTfrom 

inessential inrormation. 

A parallel development in the last 25 yr has been the progressive recog- 
nition o the crucial importance of autodida.xy in adult education. Fo all 
practical purposes, the scholarly study of autodidaxy can be traced back to 
the appearance in 1961 of a book by CO. Houle (1961). In this essay , he 
author sketched the learning motives and activities of 22 com u ^ ea^^^^^ 
crs. vho chose to pursue their learning at length and in depth, without n- 
stitu lonal support or affiliation. Basic surveys have shown that there i a 
great deal of consistency among adult populations in terms of the learning 

cduSn M 'T" ^^^"^P"'^' ^ ^"-■'^y °f adults of varying' 

cdu.at.onal levds and socioeconomic status. Tough (1978) found that 90% 

o t e'nh V" 'r "^"^"'"^ ^^-^ '^^^ '^at the sourc 

o the planning of these learning projects is as illustrated in Fig. 15-1 Oper- 

mional y Tough (1978) defined a learning project as an effort of at^east 

71, duiat.on; in fact the research found that the average project took 100 

h. Learners were found to conduct five such projects a yLr on a crage 

mg. > 80-^,0 of It, an amor^'wr does the day-to-day planning (Fig. 15-1) I ven 
more striking ,s jhe fact that in 73% of ,he cases, the Jwho iocs ic 
planning is the learner himself. 

Emh of the four concepts of self-direction mentioned above (i.e.. learner- 
control, amodidaxy, self-management, and personal autonomy) invotes a 
Kcainunibcr of components (e.g.. Candy. 1990. 1991. p. 242) Neverthe- 
less. ,t IS useful to think of each of these concepts as a lumped, one- 
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Peers in Group - 7% 
Self-Planned - 73% j ^ Planned by Friend -- 3% 

Planned by 
Teacher -10% 



-on-l Helper -- 4% 



Non-Human -- 3% 
Source 




Fig. 15-1. Sources of planning for adults' learning projects (Afier Bonham, 1992). 

dimensional continuum, where all the various components interact and mutu- 
ally modify each other. In the case of learner-control (i.e., self-direction in 
formal settings), various instructional strategics could be placed at intervals 
along this continuum, to imply the differing balance of teacher-control and 
learner-control (Fig. 15-2). According to Candy (1991, p. 10), **at the far 
left of the continuum might come indoctrination (a), with almost total teacher- 
control and little room for learner-control at all. Then might come, in se- 
quence, lectures (b), lessons (c), programmed instruction (d), individualized 
instruction (e), personalized instruction (0, interactive computer-managed 
learning (g), discovery learning (h), and so on, until finally the point is reached 
where learners have accepted almost all control over valued instructional func- 
tions/* Candy (1991) refers to this point (i), at the far right-hand edge of 
the continuum, as independent study, 

Autodidaxy also may be portrayed diagrammatically as falling along 
a continuum, where the self-instructional situations are distinguished not by 
the level of control of the learner* which in this case is total, but by the level 
of assistance sought. Indeed, even though initiative for a learning project 
rests firmly and indisputably with the autodidact, it is possible that he or 




l ig. 15 2. A h>pothetical Icarner-comrol conliimum showing mstruclional strategics ranging 
tumi mdoctr J nation (a) to independent study (i) (adapted from Cand\. 1991). 
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Autodidactic domain 



of 

iissistance 





/ Level 

of ci)iUn)l 
by IcarrvLT 



Instructional domain 



Fig. 15-3. Learner-control and autodidaxy as laminated domains (adapted from Candy, 1991). 

she might make extensive use of a guide or a helper, or perhaps even more 
than one> to assist with a range of tactors going from emotional encourage- 
ment, to the location and utilization of specific resources, to management 
of the learning process itself (Danis & Tremblay, 1985a, b). 

At first sight, it seems that little distinguishes a situation of assisted 
autodidaxy from one of independent study. This viewpoint, if it were cor- 
rect, would lead to the notion that there exists a single continuum extending 
all the way from a high degree of teacher-control to pure autonomous Icar- 
nig or autodidaxy, where the learner receives no assistance of any kind. Candy 
(1991) argues forcefully that this is not the case, because the issue of owner- 
ship clearly differentiates independent study from assisted autodidaxy. At 
the point / in F'ig. 15-2, there is still a residue, albeit small, of teacher con- 
trol. Even though the instructor might have all but vanished, **the image 
of hierarchical power does not automatically disappear from the learner's 
mind'' (Chene, 1983, p. 44). ^'Whether symbolically or otherwise, the in- 
structor maintains some degree of control (and hence ownership) over the 
instructional transaction and, in the final analysis, independent study is still 
a technique of instruction'' (Candy, 1991, p. 18; see also Bauer, 1985; Brocket 
& Hicmstra, 1985; Brookficld, 1985a, b). In the autodidactic domain, on 
the other hand, the learner is frequently not conscious of being a learner, 
much less a student, and hence the image of the instructor is not present to 
begin with (Thomas, 1967). 

If, following Candy (1990, 1991), the learner-control and autodidaxy 
continua do not overlap, then how are they related? Candy (1990, 1991) sug- 
gests that they should be viewed as laminated or layered, as in Fig. 15-3. 
In the region where the autodidaxy domain is directly above the instruction- 
al domain, it may be difficult for a researcher or for some otHer outside ob- 
server to distinguish one situation from the other. Candy (1991) argues that 
only the participants can be certain about whether ownership, particularly 
ownership ol the original questions that guide a learning endeavor, has been 
transferred to the learner, and even they may be unclear at times. 

In l-i[\ 15-3, the autodidactic domain is pictured above the instruction- 
al domain, a configuration that may suggest that the autodidactic learning 
is viewed as somehow superior to the learning occurring in formal settings. 
Actually, opposite views are frequently expressed in the literature. Dickin- 
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son (1979, p. 4), for example, believes that learning in natural societal set- 
tings is **an inefficient way of learning which may even be harmful to the 
learner since no one is guiding the activity." Similarly, Candy (1991, p. 288) 
comments that, concerning any given phenomenon, there is usually a 
preferred or correct way of thinking, sanctioned by the canons of formal 
science, smd that **in the case of self-directed learners, there may be no built-in 
or inherent mechanism to ensure that a learner does confront discrepancies 
between his or her present way of thinking and that which is sanctioned by 
the discipline or body of knowledge involved." Candy (1991) seems to con- 
sider this a serious disadvantage of autodidactic learning, compared with 
teacher-controlled instruction where it is far easier for the learners to absorb 
the canon of formal science, 1 believe, on the contrary, that this difficulty 
of separating autonomy in learning from autonomy in thinking probably 
results in one of the key advantages of autodidaxy. From this viewpoint, 
it is not a mere coincidence that self-education has been an important tool 
in the lives of prominent thinkers throughout the history of Western Civili- 
zation, like Socrates, Aristotle, Benjamin Franklin, Jean-Jacques Rousseau, 
George Green, and Albert Einstein, to name only a few. 

In the conceptual framework illustrated schematically in Fig. 15-3, a 
castastrophic transition, a little like a phase transition in physical chemistry, 
is needed before the students can operate on their own in the autodidactic 
domain. In a later subsection, 1 shall be interested in the kinds of activities, 
within the instructional domain, that are thought to facilitate this transac- 
tion. Before 1 do so, however, it is useful to review briefly what is known 
about the learning patterns and the personality traits of autodidacts, as well 
as the various tools available to assess autodidactic learning readiness. 

Learning Patterns of Autodidacts: Linear or Serendipitous? 

Any person who more or less deliberately sets out to learn something 
on his or her own has to answer a series of questions that Biggs (1986, p. 
143) summarizes as follows: 

Motives **What do 1 want?" 

Goals **What will it look like when Tve got there?'' 

Task demands **What do 1 need to get there?'* 

Context **What resources have 1 got to use?" 

**What constraints must 1 contend with?" 

Abilities **What am 1 capable of doing" 

Strategies **Well, then. How do 1 go about it?" 

How autodidacts answer these questions in practice has been a major 
area of inquiry in the last two decades. Until quite recently, it was assumed 
that the process of autodidactic learning was similar in nature to ihc formal 
learning process in which learners are taught by a teacher. Autodidacts were 
seen as planning and carrymg out their learning activities in a linear, sequential 
pattern: establishing goals and objectives, locating resources, choosing learn- 
ing strategies (Merriam & Caffarella, 1991). Within the last decade, however. 
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Fig 1^-4. Schematic diagram of the autodidactic process according to Knowles (1975). 

alternative descriptions of autodidactic learning events have begun to emerge, 
which paint a very different picture. 

Tough (1967. 1978, 1979) is apparently the first to have proposed a con- 
ceptualization of the ways people learn on their own. He did so on the basis 
of his background research and experience, interviews with learners and what 
he has termed logical analysis. His research resulted in a list of 13 steps that 
represent key decision-making points about choosing what, where and how 
to learn: 

1. Deciding what detailed knowledge and skills to learn 

2. Deciding the specific activities, methods, resources, or equipment 
for learning 

3. Deciding where to learn 

4. Setting specific deadlines or intermediate targets 

5. Deciding when to begin a learning episode 

6. Deciding the pace at which to proceed during a learning episode 

7. Estimating the current level of one*s knowledge and skill or one*s 
progress in gaining the desired knowledge and skill 

8. Detecting any factor that has been hindering learning or discover- 
ing inefficient aspects of the current procedures 

9. Obtaining the desired resources or equipment or reaching the desired 
place. or resource 

10. Preparing or adapting a room (or certain furniture or equipment) 
for learning or arranging certain other physical conditions in prepa- 
ration for learning 

1 1 . Saving or obtaining the money necessary for the use of certain hu- 
man or nonhuman resources 

12. Finding time for the learning 

13. Taking steps to increase the motivation for certain learning episodes 

Knowles (1975) has outlined a somewhat similar, but less detailed, se- 
quence of steps. It is represented as a cyclical diagram in Fig. 15-4. 
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In essence, the process of learning on one's own, as conceptualized by 
Tough (1%7, 1979) and Knowles (1975), is similar to the way in which teachers 
plan and carry out instruction in formal institutional settings. Whether this 
similitude is deep-rooted or whether it stems merely from the use of particu- 
lar research methodologies is still open to debate, however. Until roughly 
the early eighties, the technique most commonly used to capture informa- 
tion about the autodidactic process was to present respondents with prepared 
lists of the function they may be expected to perform, such as the list pro- 
posed by Knowles (1975). Not unexpectedly, the respondents under these con- 
ditions tended to indicate that they did, indeed, undertake the sequence of 
tasks suggested to them. Candy (1991, p. 168) proposes three reasons for 
this; 'Tirst, research subjects are legendary for their desire and willingness 
to please the researcher, and will therefore commonly agree to propositions 
that they think the interviewer wants to hear. Second, there is often a differ- 
ence between the actual way in which they should be accomplished and the 
approved or socially sanctioned way in which they should be accomplished, 
and respondents prefer to side with the right answer. Third, it is often the 
case that people have given little conscious thought to the steps involved in 
certain activities, and they simply respond to what appears to be a plausible 
sequence, since they are in no position to come up with anything better on 
the spot.** With respect to the second of these reasons, one may add that 
it is likely that individuals who have been subjected to years of schooling 
would tend lo recognize the linear pattern, typical of formal instruction, as 
the correct one. 

In recent years, researchers have developed and used a variety of alter- 
native methodologies to deal more adequately with the complex nature of 
self-directed learning outside institutional settings. Examples include recon- 
struction through interview, biographies and reflective essays, learning, jour- 
nals and diaries, and recurrent interviews throughout the duration of a 
learning endeavor (e.g.. Candy, 1991, p. 169-176). Using some of these tech- 
niques, several researchers have obtained observation data strongly suggest- 
ing that autodidacts do not necessarily follow a definite sequence of steps. 
Drawing on a study of 78 adults with less than a high school education. Spear 
and Mocker (1984) concluded that **self-directed learners, rather than 
preplanning their learning projects, tend to select a course from limited al- 
ternatives which happen to occur in their environment and which tend to 
structure their learning projects.'* They labeled this phenomenon the organiz- 
ing circumstance and explained the process as follows (Merrian & Caffarel- 
la, 1991): (i) the triggering event for a learning project stems from a change 
in life circumstances; (ii) the changed circumstance provides an opportunity 
for learning; (iii) the structure, method, resources, and conditions for learn- 
ing ar- directed by the circumstances; and (iv) learning sequences progress 
as the circumstances created in one episode become the circumstances for 
the next logical step. 

In an exploratory study of 10 training and development personnel. Spear 
(1988, p. 212-213) found that the process of autodidactic learning could be 
reduced to seven principal components: 
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Knowledge 

A'(r), Residual knowledge: knowledge the learner brings to the project 
as a residue from prior knowledge 

A%,, Acquired knowledge: knowledge acquired as part of the learn- 
ing project 

A a ion 

/4(d), Directed action: action directed toward a known or specific end 
'4(c)* Exploratory: action that the learner chooses without knowing 

what the outcomes may be or with certainty that any useful 

outcome will ensue 
A^f), Fortuitous action: action that the learner takes for reasons not 

related to the learning project 

Environment 

Consistent environment: includes both human and material ele- 
ments that are regularly in place and generally accessible 
£"(0» Fortuitous environment: provides for chance encounters that 
could not be expected or foreseen and yet affect the learner and 
the project 

Spear (1988) proposed that each autodidactic learning event is composed 
of sets or clusters of these seven principal components. To illustrate this con- 
cept, following Merriam and Caffarella (1991). a learning cluster could be 
like the process described in the following (hypothetical) example, Elizabeth 
D,, in the research center where she works, is part of an informal reading 
group (E(e,) in soil physics. She decides that she would like to learn more 
about the theory of fractals, a subject she has already become somewhat 
familiar with during her graduate studies and through some independent read- 
ing (A'(r))- During a soil science symposium, she decides to attend {A^^{) a 
session dealing with fractals, and finds most of the lectures to be interesting 
(A'(a)). At the end of one of these lectures, she decides some refreshments 
might be appropriate and she stops at a nearby coffee shop with a friend 
(/4(o). By chance they encounter a group of conference participants discuss- 
ing the talks on fractal theory that they have attended, and are invited to 
join their lively exchange (A^^^). 

The learning process described in this example may be looked at as a 
single cluster involving actions planned at the onset and some that are en- 
tirely the result of serendipity. In general, according to Spear (1988), auto- 
didactic learning projects are composed of several such clusters and do not 
occur in linear fashion; one cluster of activities does not necessarily bear any 
relation to the next cluster. Rather, ^^information gathered through one set 
of activities is stored until it fits in with other ideas and resources on the 
same topic gleaned from one or more additional clusters of activities. There- 
fore, a successful self-directed learning project is one in which a person can 
engage in a sufficient number of relevant clusters of learning activities and 
then assemble these clusters into a coherent whole** (Merriam & Caffarella, 
1991). Spear (1988, p. 217) concludes: *The learner is perhaps in greatest 
control when the assembling of the clusters begins and decisions are made 
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regarding what knowledge is of most and least importance.'* As this process 
unfolds and develops, there may be concomitantly **a progressive refinement, 
or even wholesale reformulation of learning goals'' (Spear, 1988). 

Danis and Tremblay (1987) and Berger (1990) reach similar conclusions. 
The former authors made a detailed content analysis of the learning ex- 
periences of 10 autodidacts and conclude that these experiences do not con- 
form to either a linear or a cyclical sequence, but rather that **the self-taught 
adults proceed in a heuristic manner within a learning approach which they 
organize around intentions, redefine and specify without following any 
predetermined patterns" (Danis & Tremblay, 1985a, p. 139). There is little 
evidence that the subjects of Berger's (1990) study (20 Caucasian males with 
no formal degrees beyond high school) had preplanned their self-directed 
learning activities. Most of them did not even make a conscious decision to 
start a learning project, but rather gradually became involved as a result of 
a particular triggering circumstance. Furthermore, they **constantly redefined 
their projects, changed course, and followed new paths of interest as they 
proceeded" (Berger, 1990, p. 176). These observations have permitted to shed 
new light on a group of phenomena examined earlier by Tremblay (1981) 
concerning the criteria that guide autodidacts in the choice of a resource. 
She observed that in 75 of the cases, the autodidacts questioned had not 
planned to use the resource consulted and that this had been chosen by chance 
or quite simply because it had come to hand. 

The linear pattern of Tough (1967) and Knowles (1975), and the nonal- 
gorithmic syntax (Tremblay & Theil, 1991) advocated by Spear (1988), Danis 
and Tremblay (1987), and Berger (1990) both have recently become viewed 
as extremes by a number of researchers. Long (1991a) argues that both pat- 
terns **may be true when applied to different people" but that, for most in- 
■ dividuals, the truth is likely to reside somewhere between those two extremes. 
Merriam and Caffarella (1991, p. 50) concur with this viewpoint and sug- 
gest that a number of variables (e.g., individual motivation, knowledge of 
the content to be learned, and simple happenstance) determine the degree 
of linearity of autodidactic learning processes; **How the process of learn- 
ing on one's own continues to evolve depends on the continuing interaction 
of these variables." The question, so far entirely neglected in the literature, 
of whether the autodidact has or should strive to gain control over this evo- 
lution, is important in practice and will be addressed in the following section. 



Skills and Competencies of Autod acts 

Starting with Chickering (1964), various studies have tried to determine 
which attributes and competencies are either possessed by or desirable in au- 
todidacts. The composite profile that can be assembled on the basis of the 
results of these studies indicates that the person capable of exercising con- 
trol ovei the tasks to be mastered, and of working independently, would ideal- 
ly (Candy, 1991, p. 130); 
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Be methodical and disciplined 

Be logical and analytical 

Be reflective and self-aware 

Demonstrate curiosity, openness, and motivation 

Be flexible 

Be interdependent and interpersonally competent 

Be persistent and responsible 

Be venturesome and creative 

Show confidence and have a positive self-concept 

Have developed information-seeking and retrieval skills 

Have knowledge about, and skill at, learning generally 

Develop and use defensible criteria for evaluating learning 

According to Candy (1991), the fact that similar composite lists abound in 
the literature is evidence of a definite cluster of competencies by which au- 
todidacts might be recognized. One has to admit, however, that this list is 
far too general and idealistic to be of much guidance to autodidacts or to 
self-directed-learning facilitators. In this respect, the comprehensive yet con- 
cise list compiled by Skager (1979) appears much more useful. After an ex- 
tensive review of the relevant literature, this author proposed seven types 
of attributes possessed by the self -directed learner. These are: 

1 . self acceptance or positive views about the self as learner, based on 
prior experience; 

2. planfulness, which comprises the capacity to 

a. diagnose one's own learning needs, 

b. set appropriate goals, and 

c. select or devise effective learning strategies; 

3. intrinsic motivation or willingness to persist in .learning in the ab- 
sence of immediate external rewards or punishments; 

4. internalized evaluation or the ability to apply evidence to the qualita- 
tive regulation of one's own learning activity; 

5. openness to experience and a willingness to engage in new activities 
because of curiosity or similar motives; 

6. flexibility or willingness to explore new avenues of learning; 

7. autonomy, or the ability to choose learning goals and means that may 
seem unimportant or even undesirable in the immediate social context. 

Implicit in this portrait of the self-directed learner is the view thai self- 
dircctedness is an intrinsic quality of the person rather than a characteristic 
or property of a learner in a given situation. In other words, it assumes that 
once a person attains autonomy as a learner in one domain, such as English 
or ornamental horticulture, he or she will automatically be able to learn 
autonomously in other unrelated fields, such as mechanical engineering or 
child psychology. Candy (1991), among others, vehemently opposes this view. 
According to him, **any person could vary in the degree of autonomy he 
or she exhibits from situation to situation." In other words, **this means 
that no self-directed learner can be equally competent across the range of 
all potential learning situations. While he or she may possess an extensive 
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repertoire of strategic or general learning skills, each new domain will have 
its own domain-specific vocabulary of concepts that must be mastered be- 
fore more advanced ideas can be tackled'^ (Candy, 1991, p, 304). Even if 
one considers plausible in general this concept of a limited transferability 
of competence from one learning situation to another, the question remains 
of the threshold distance between learning situations, beyond which this trans- 
ferability decreases significantly. In the example above, the jump from or- 
namental horticulture to child psychology may indeed be a formidable one 
for many autodidactic learners. A person, however, having attained auton- 
omy as a learner in, e.g., theoretical soil physics, may very well find it easy 
to learn autonomously in, e.g., the neighboring field of soil physical chemis- 
try. Further research is needed on this issue before one can assess the range 
of validity of Candy's (1991) views on the situationally variable nature of 
autonomy in learning. 

Lists of attributes, like the two presented above, are often used in another 
context; to characterize the profile of individuals with given learning styles 
(see, e.g., Witkin et al., 1977; Raven, 1992). A number of researchers have 
tried to find out if there is any correlation between learning styles and com- 
petencies of autodidacts. Their findings, however, are confusing and con- 
tradictory at best (Mcrriam & Caffarella, 1991), and provide little guidance 
at this point to those who want to foster self-direction in learning. As an 
example, Pratt (1984) argues, from a conceptual perspective, that people with 
tendencies toward field independence are more capable of self-directed learn- 
ing. Similar views have been advocated by Even (1982). Brookfield (1986), 
in contrast, states that field dependence is more characteristic of self-directed 
learners. Brookficld^s view is grounded in the idea that **self-directed learn- 
ing is equated with the exhibition of critical reflection on the part of adults" 
and that the kinds of beliefs (such as the contcxtuality and relativity of 
knowledge) needed for this kind of thinking arc most often seen in field- 
dependent vs. field-independent learners. 



Assessing the Readiness for Audodidactic Learning 

In an attempt to make the research on self-direction more quantitative, 
various theorists have sought to develop tests, instruments, and question- 
naires that purport to measure aspects of learner autonomy. Before I ana- 
lyze the various ways that have been proposed to foster self-direction in 
learning, it is interesting to briefly discuss if, and to what extent, these quan- 
titative tests are useful. 

Two of the best known instruments are Guglielmino's Self-Directed 
Learning Readiness Scale (SDLRS) (1977), and Oddi\ Continuing Learning 
Inventory (OCLl) (Oddi, 1985, 1986). Both of them assume generahzability 
ot competence of autonomous learners. Neither differentiates between in- 
dependent continuing professional education within institutional settings (such 
as graduate schools) and autodidactic continuing education outside formal 
settings. 
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The SLDRS consists of a series of 58 statements like / love to learn or 
No one but me is really responsible for what I learn. In each case, the in- 
dividual tested is asked to indicate on a five-point Likert scale the degree 
to which she or he feels that the statement is true for her or him. After scor- 
ing of the 58 answers, the SDLRS provides an assessment of readiness rang- 
ing from high to low. 

Numerous studies have been completed using the SDLRS during the past 
decade. Guglielmino et al. (1987), for example, have shown that outstand- 
ing performers in jobs requiring a very high level of creativity or a very high 
degree of problem-solving skill had significantly higher SDLRS scores than 
others. In some cases, the use of the SDLRS has resulted in puzzling con- 
tradictions. For example, Guglielmino et al. (1987) and Adenuga (1991) ob- 
served that individuals who have completed higher levels of education tend 
to have higher SDLRS scores, while Long (1991b) concluded from a study 
of full-time and part-lime college students that '*there is no association be- 
tween SDLRS and education achievement level, defined in terms either of 
years of schooling or quarter hours of college work completed.'' 

Use of the SDLRS in research on self-direction in learning has not been 
without controversy. Major questions have been raised by Field (1989), among 
others, as to its basic validity and reliability. In particular, Field (1989) ar- 
gued that what the SDLRS actually measures "is not readiness for self- 
directed learning, but does appear to be related to love and enthusiasm for 
learning.'' In the lively debate sparked by Field's (1989) ci iticisms, a general 
consensus seems to have formed that what the SDLRS actually measures is 
some form oi perceived readiness. Whether there is "congruent or disjunc- 
tion between adults' own judgments regarding the quality of their learning 
and that quality as measured by some external, objective standard" (Brook- 
ficld, 1985a) is still an open question. 

The second instrument, theOCLI, was developed, in part, as a reaction 
to the SDLRS (West & Bentlcy, 1991). Instead of focusing directly on learn- 
ing preferences, like the SDLRS, it attempts to identify clusters of personal- 
ity characteristics found to relate to "initiative and. persistence in learning 
over time through a variety of learning modes" (Oddi, 1985, p. 230). These 
clusters of personality dimensions were developed after carefully reviewing 
lists of attributes like the ones presented in the section above. As a result, 
the assessment provided by the OCLl may be less related to the perception 
of the individuals tested than is the case with the SDLRS. Practically, the 
OCL.I consists of a self-reported scale with 24 items like After I read a hook 
or sec a play or film, ! talk to others to see what they think about it or / 
regularly read professional journals. In each case, the individual tested is 
asked to record along a sevcn-point Likert scale the extent of his or her agree- 
nieril. l ike (lie SDLRS, the OCl 1 fails to distinguish between the various 
concepts of sell-dircction. In this respect. Candy ( 1991 ) argues that the OCLl 
may be more appropriate to the domain of learner-control than to that of 
audodidaxy while Six's (1987) results, on the contrary, suggest thai "the scores 
on (he OCLl have nothing to do with predicting student behavior in an in- 
structional setting." Only very limited use has been made of the OCLl so 
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far. It too, like the SDLRS, has received some criticism (e.g., Landers, 1989) 
even though the study on which it is based is generally considered to have 
been well controlled (Candy,. 1991). 

In a recent study (West & Bentley, 1991), both the SDLRS and the OCLl 
were administered to 810 teachers and administrators in 30 public schools 
(primary, middle, and high schools). One of the conclusions of this survey 
is that neither instrument appears very helpful in predicting those who would 
participate in a greater number of self-directed learning activities. This con- 
clusion should not necessarily discourage the use of either the SDLRS or the 
OCLI, however. Neither one m.ay be particularly effective as a screening tool 
or to monitor increases in self-direction over time. Nevertheless, to those who 
attempt to foster learners' self-direction, the SDLRS and the OCLI may still 
provide useful information on how the learners' perception evolves over time. 
Reference to the use of the SDLRS and the OCLI in this context will be made 
in a later section of the present chapter. 



Fostering Autodidactic Learning Competence 

Is autodidactic competence susceptible to educational interventions in 
formal settings? In the affirmative, what sort of educational interventions 
enhance the capability for autodidaxy? Answers to these critical questions 
have been quite varied in the last few decades. Collins (1988), for example, 
is emphatically opposed to educator intervention in self-directed learning, 
argumg that educators only intrude and actually erode further prospects for 
genuinely autonomous learning. Most authors, however, adopt a different 
viewpoint and generally seem to agree that, in the instructional domain (Fig. 
15-3) at least, educators can definitely make a concrete contribution to the 
development of self-directed learning competence. In so far as the autodidac- 
tic domain is concerned, Resnick (1987) remarks that ^*the evidence devel- 
oped [...] on the discontinuity between school and work [as learning 
environments] should make us suspicious of attempts to apply directly what 
we know about skills for learning in schools to the problems of fostering 
capabilities for learning outside school.'' Candy (1991) similarly argues that 
''there is (. . .] something incongruous about attempts to enhance the ability 
of learners to function outside the structures of formal institutions from with- 
in the institutions themselves.'* Even though the link between learner-control 
and autodidaxy is conceptually very tenuous and remains largely to be veri- 
fied through detailed research, increased self-directed learning competence 
in the instructional domain is implicitly assumed by many educational the- 
orists ti^ lead naturally to autonomous behavior in the autodidactic domain. 
It is as if. by encouraging students to move along the learner-control con- 
tinuum in the instructional domain (I'ig. 15-3), educators were providing 
them enough momentum to make on their own the transition to the au- 
todidactic domain, somewhat like fighter jets being propelled off the deck 
of an aircraft carrier and ilying by themselves thereafter. 
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The literature suggests that there are two broad approaches to develop 
in people both the ability and the willingness to take charge of their own 
learning processes. 

The first might be referred to as direct instructional intervention (Wang, 
1983, p. 218). It involves teaching such things as data gathering, critical think- 
ing, organizing information, systematic goal setting and self-management. 
Thes^ components are taught as direct curricular content, and the exercise 
of such skills is reinforced and enhanced through planned practical exercises 
(Candy, 1991). At present, no research seems to exist that reports on the 
effectiveness of this direct approach. 

The second approach lo the development of autodidactic competencies 
is ancillary or concomitant. The philosophy behind this approach is that **au- 
tonomous behavior is not taught or learned as ordinary content in the cur- 
riculum [. , .] One learns responsibility and self-direction through experience 
in which one is given the opportunity to be self-directed and responsible for 
one's action" (Dittman, 1976). This second perspective has manifested it- 
self in a variety of educational approaches and interventions, ranging from 
collaborative planning and contract learning to various forms of indepen- 
dent study and self -directed \td^n\\i\g assignments (e.g., Knowles, 1990; Hiem- 
stra & Sisco, 1990). Several of these interventions have been recently studied. 
For example, Kasworm (1983) examined the self-directed contract learning 
as an instructional strategy in a graduate course. She analyzed the impact 
of a self-directed learning course upon participant self-directed learning be- 
haviors and attitudes. Significant positive gains were noted on participant 
pre- and postgain scores on the SDLRS. Observational diaries of selected 
students and of the instructor were analyzed for major themes and transi- 
tions. Course evaluations showed a majority of positive participant responses 
in relation with perceived changes in knowledge and skill in self-directed learn- 
ing as well as reported value of the course experience. 

In a related study, Caffarella and Caffarella (1986) investigated whether 
using learning contracts in formal graduate education enhanced adults' read- 
iness and competencies for self-directed learning. Their study involved 163 
students from six universities in the USA. The students were all enrolled in 
graduate courses in adult education, where learning contracts were employed. 
Two testing instruments, the SDLRS and the closely related Self-Directed 
Learning Competencies Self Appraisal Form (SDLCSAF, developed by the 
investigators for this study) were administered at the beginning and end of 
the term by the professors teaching the courses. The findings suggest that 
the use of learning contracts had little impact on developing perceived readi- 
ness for self-directed learning, apparently because perceived readiness was 
already high among the graduate students attending the classes. The use of 
learning contracts, however, did have a positive effect on developing per- 
ceived competence in self-directed learning, especially in three respects: (i) 
to translate learning needs into learning objectives in a form that makes pos- 
sible the accomplishment of these objectives, (ii) to identify human and 
material resources appropriate to different kinds of learning objectives, and 
(iii) to select effective strategies for using learning resources. 
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During the last two decades, learning contracts and various other ancil- 
lary approaches to the development of autodidactic competences have been 
used by numerous educators in the USA and abroad. A number of interest- 
ing observations have resulted from these experiments. One such observa- 
tion, due' 10 Biggs (1986, p. 142), is that it is important to provide to learners 
the opportunity to **talk about their learning processes in a language dis- 
tinct from that used to talk about the content of their learning.'' In other 
words, it is necessary to engage learners in thinking about and discussing 
their own approach to learning, i.e., engage them in metalearning (e.g., Novak 
& Gowin, 1984), and encourage them to consciously explore alternatives. 
A second observation concerns the need for scaffolds; learners need to see 
how, for example, mathematicians think and how they solve problems in 
real-life contexts, or how economists think about and study particular in- 
dustries. As Candy (1991) notes, **this may seem self-evident, but there are 
abundant examples of where an educator has failed to provide any such 
scaffolding within which the learner can erect his or her own pattern of un- 
derstandings or skill development." A third useful observation is that it is 
easy in practice to confuse independence and defiance in a learner. As Grow 
(1991b, p. 218) points out, "A certain kind of student gives the appearance 
of being a self-directed learner but turns out to be a highly dependent stu- 
dent in a state of defiance. [. . .1 false independent student may resist 
mastering the necessary details of the subject and try to wing it at an ab- 
stract level.'' A last observation concerns the choice between group and in- 
dividual interventions for the development of self-direction. In a study of 
eight learners enrolled in a graduate course that attempted to promote self- 
direction in course work, Taylor (1987) noticed that all students experienced 
the same sequence of phases, which she labeled disorientation, exploration, 
reorientation, and equilibrium (Fig. 15-5), Interestingly, she also found that, 
during the period of 13 wk during which they were interviewed, some learn- 
ers managed to complete a full cycle and even begin a second one, while others 
were only engaged in the first two phases: **Learners in this study proceeded 
at different paces in this cycle." A conclusion one may draw from these ob- 
servations is that, to accommodate similar situations, educators may have 
no other option than to individualize their interventions. 

Attempts by educators to increase learner-control in formal settings often 
encounter difficulties. This is hardly surprising in view of the fact that the 
roles of teachers in this context differ drastically from those to which most 
educators are accustomed. Some of these difficulties have been analyzed in 
detail in the literature (e.g., Ainsworth, 1976; Gibbons & Phillips, 1978; 
Candy, 1991, p. 227-231). They include: 

1. a frequent feeling of frustration and helplessness in watching stu- 
dents struggle with problems which the educator knows could easily 
be solved or avoided (Gibbons & Phillips, 1978), 

2. a concern about being unprofessional or about being viewed as shirk- 
ing, abdicating his or her responsibilities as teacher (Harrison, 1978) 

3. uneasiness about surrendering a position of authority and superiority, 
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4. the removal of the usual on-the-job reward system oF taking credit 
for student learning (Gibbons & Phillips, 1978) 

5. the risk of being regarded as a crank by one's colleagues or by univer 
sity authorities (Jackson, 1986), and 

6. increased rather than lessened demands on the instructor's time. 
In this last respect, Ainsworth (1976, p 279) note<; that "th^ro ;c .u 

:;p.^=--:ri:--r:f^^^^^^ 
.Tin"rc;:r:ffhet:r^'rH^' -<f-in-uctirr"e 

h.n .ff . u u f °^ disseminating information, but this is more 

han offset by the demand . of increased individual counse ling and in 

^r^ctio"''''^- ^'^^""-^'^ -^'^^ — -complies L,f: 

The difficulty most commonly mentioned by educators is that the ,tu 

SivrrpuT ifn Tr'°" 'h" "'^-^'^^^'^^ ''"^^ -p-'-- ^'o"n 

W ) ,hJ .n r ^' k"'^'"'' "^^'-"^'^^ conventional method" 
((.andv, 1991), they prefer to be taught" (Cornwall, 1988). In contexts where 
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an instructor attempts to promote self-direction, by encouraging students 
to think about and discuss their own approach to learning, many learners 
resent and resist these activities as "a waste of time/* the instructor avoid- 
ing his or her responsibilities/* or **not what we have come here to learn*' 
(Baird & Mitchell, 1986). Their initial reactions to these activities often in- 
clude **shock, confusion and ambivalence** (Taylor, 1987). Many authors 
have invoked the concept of learned helplessness to explain why adults might 
adopt a passive rather than a proactive attitude toward learning. According 
to Candy (1987), the argument is that the more people have things done for 
them, the more institutionalized they become, and the more institutional- 
ized they are (in both a figurative and a literal sense), the more dependent, 
helpless and passive they are. The response of a student, quoted by Eglash 
(1954, p. 261), vividly illustrates this acquired passivity: **This method [of 
encouraging self-direction] won*t work unless we are brought up in this sys- 
tem and are used to it, and unless everyone co-operates. It allows too much 
independent thinking.** 

Even if, as is often argued, years of passivity in formal educational set- 
tings deprive many people of the confidence to take charge of their own learn- 
ing, some educators consider that this tendency can be reverted. As Even 
(1984) points out, "If such human conditions are learned, they can be un- 
learned.** A firm conviction that such is indeed the case underpins the de- 
velopments described in the remainder of this chapter. 

BRINGING EDUCATIONAL THEORY INTO PRACTICE 

General Course Format 

In the fall of 1985, 1 offered for the first time a (biannual) graduate 
soil physics course specifically designed to foster learner self-direction. The 
guiding ideas on which the format of this course was based had emerged 
partially from reacting to my own experience in graduate school, as well as 
from a few readings, most notably the works of Tough (1967), Knowles 
(1975), Yourcenar (1980, p. 120), and Brookfield (1983). 

These initial guiding ideas were the following: 

1. A significant part of the course should consist of some form of in- 
dividualized coaching of the students. I felt, indeed, that individualized coach- 
ing sessions, or tutorials, would allow me, much better than group discussions 
or formal lectures, to accommodate the different learning styles and degrees 
of autonomy of the students. Furthermore, even though knowledge is so- 
cially construed and, as a result, much learning occurs informally, or inciden- 
tally, in groups (e.g., Marsick & Watkins, 1990; Candy & Crebert, 1991), 
1 considered that individual tutorials would be a much better preparation 
for the often solitary learning projects that students have to carry out once 
they leave the university environment. 

2. The tutorials should be structured in such a manner as to progres- 
sively bring the students to a stage, at the end of the semester, where they 
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feel reasonably confident they can acquire new knowledge on their own 
(without an instructor); 

3. The course should not consist entirely of tutorials. Indeed, the 
instructor' is himself a learner and is likely to have, or to have had, interest- 
ing experiences which would be most efficiently communicated to all the stu- 
dents at once, in a traditional classroom setting. Formal lectures would also 
make the course appear slightly less eccentric, and thereby perhaps less in- 
timidating to some of the students. In addition, a set of formal lectures would 
be particularly useful if they could outline a general conceptual framework 
in which the students could, at a later time, easily situate the materials used 
for the tutorials. This framework should, however, be presented as the in- 
structor's own rationalization. The students should be strongly encouraged 
to gradually elaborate their personal reference frame, as well as to formu- 
late their own opinion on some of the controversial aspects of the topic co- 
vered by the course. 

Since 1985, these three guiding ideas have remained virtually unchanged. 
They still constitute the basis of the graduate soil physics course in its cur- 
rent format. The practical implication of these ideas has however evolved 
noticeably over the years, in part because of the reactions of the students 
themselves. The primary objective of the course has also changed apprecia- 
bly over the years. In 1985, it was to foster autodidactic learning skills; 
however, after reading Candy (1990) and some of the other authors referred 
to in the previous section, I came to realize that a more appropriate goal 
for this course is to help students to exert increasing control over their learn- 
ing. As an instructor operating within the context of a course, 1 have indeed 
no way at all of influencing the independent learning of the students outside 
this course or once the semester is over. All I can do is hope that, at some 
point, they will be able without too much tiouble to make the transition from 
learner-control to autodidaxy. 

As currently offered at Cornell, the graduate soil physics course SCAS 
667 deals in detail with the equilibrium physics of aqueous solutions in soils, 
emphasizing fundamental principles and measurement processes. It serves 
as an advanced entry into the transport (nonequilibrium) aspects of soil phys- 
ics and its enrollment generally consists of students who are intent on pursu- 
ing a research career in soil physics. The course consists of two components 
lasting the entire duration of the semester (15 wk): a series of formal lec- 
tures and three 5-wk sequences of individual tutorials. These two compo- 
nents are described in detail in the following two sections. 

Formal Lectures 

Nothing in the rornial of the lectures distinguishes them from the tradi- 
tional lop-down approach. Instructor and students meet three times a week 

' In the loUowiiiH. I shall keep referring (o ihe facuhy member as the instructor, even though 
11 will become rapitllv clear that his or her role is del'initely moie that of a helper or leormrifi 
laeilitaior (see dcsenption. ni Rogers^ l%9j, Vaines, 1974). 
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for 50 min in a classroom setting, where the students are acquainted with 
a number of topics selected by the instructor. As in other courses, the in- 
structor tries, whenever possible, to make the lectures lively and attractive 
by using slides, audiovisual equipment and classroom demonstrations of 
equipment, or by inviting guest speakers. 

Where these lectures begin to depart from tradition is in the selection 
of the topics *hey cover. In graduate courses, it is a generally accepted prac- 
tice for teachers to concentrate their attention on specific, pet, subjects that 
they find particularly interesting or on which they feel comfortable lectur- 
ing. Teachers are not required to present a balanced view of a whole field 
but, rather, consider their role to be that of transferring to the student, at 
an advanced level, a certain body of knowledge. By contrast, for the formal 
lectures of the graduate soil physics course, the topics are chosen and struc- 
tured in such a way as to provide to the students the broadest possible over- 
view of the subject of the course. In the process, depth of coverage is 
inevitably sacrificed for breadth; however, experience indicates that this ap- 
proach put^ the students in a much better situation when, during the tutori- 
als or after the course ends, they have to acquire new knowledge on their 
own by reading a scientific article or a book chapter. With a good grasp of 
only a portion of the field, they would feel in many ways disarmed if the 
new material they needed to read were not directly related to one of the topics 
they were previously introduced to. On the other hand, a soil physicist who 
has been exposed to a broad coverage of the field is likely to find rapidly 
where the new material fits in the picture and how it is connected to a num- 
ber of related topics. Confronted with an article on the dielectric properties 
of soils, for example, he or ^he would be able immediately to relate its results, 
e.g., to' techniques of soil moisture measurement using time domain reflec- 
tometry or ground-penetrating radar, to observations of the structure and 
dielectric properties of waier close to solid surfaces, or to coupled transport 
processes in the presence of applied electric fields. These connections would 
be readily apparent to him or her, even if the introduction of the article failed 
to mention them explicitly. 

A convenient analogy may be drawn between what has just been dis- 
cussed and jigsaw puzzles. Toy manufacturers found long.ago that printing 
a picture of the completed puzzle on the box containing the pieces helps con- 
siderably those who try to solve the puzzle. Also, a picture of the whole puz- 
zle, even if it is of somewhat poor quality, is much more useful than a high 
quality picture of only a small portion of the puzzle. As illustrative as this 
analogy may be, there is however a key difference. Unlike with puzzles, in- 
deed, ihc final picture or conceptual framework in the graduate soil physics 
course may not be the same for everyone. The selection and organization 
of the materials for the formal lectures is based on the instructor's concep- 
tual framework. To avoid imposing his or her framework on the students, 
and to encourage them to progressively develop their own frame of refer- 
ence, the instructor should try to make apparent, during the whole semester, 
the logic of his selection of topics and written sources. He or she should also 
insist on the fact that conceptual frameworks are personal constructs, vary- 
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ing from individual to individual, in other words that every soil physicist 
has a different view of what soil physics is about, and of how its various 
parts are interrelated. In the course, a discussion on this subject is held dur- 
ing the first lecture of the semester, when I briefly review with the students 
the lecture schedule and the list of reading assignments. At the end of the 
semester, I raise the issue again during an open discussion. 

A second nontraditional aspect of the lectures is the way I handle con- 
troversial aspects of the field covered by the course. Some teachers, con- 
sciously or unconsciously, seem to consider that graduate students, like 
undergraduate students, would be utterly confused if they were exposed to 
some of the controversies that frequently crop up in the literature. From this 
standpoint, many teachers therefore think it preferable either to entirely avoid 
mentioning controversial topics or to present only their own views, without 
dwelling on the fact that other scientists hold markedly different opinions 
on the same issues. The latter option is undoubtedly the best way to make 
sure, at least in the short run, that students side with the teacher in some 
of these controversies; however, in the long run, it may have disastrous ef- 
fects on the ability of the students to learn autonomously once the course 
is ended. Indeed, sooner or later, they will encounter articles, or meet scien- 
tists, advocating very different viewpoints. If they have never been encouraged 
or coached to see behind the rhetoric and to deal with these controversies 
in a proactive manner, they may find themselves severely inhibited in their 
learning process. Therefore, in the formal lectures, I pay particular atten- 
tion to the areas where researchers have not yet managed to reach a clear 
consensus. I try, as much as possible, to present to the students a balanced 
account of the status of the ongoing debates in these areas, using articles 
from the literature to illustrate the various existing viewpoints. With Frick 
(1982, p. 197), I believe that the thorough exploration and evaluation of the 
literature, which this exercise requires, allows the students to **see the chos- 
en discipline as a living entity rather than a static corpus of facts." The stu- 
dents also begin, in the process, to develop judgment. 

A corollary of this reliance on recent literature sources is the fact that 
it becomes difficult for the instructor to assume in this context the tradition- 
al role of sage on the stage (Reigeluth & Garfinkle, 1992). As Alain (1908) 
acidly remarks, some instructors attempt, much like actors, to make their 
audience believe that they invent as they go the material they present in the 
lecture room. Without necessarily going to that extreme, many science in- 
structors seem to consider that a key to asserting their authority in the class- 
room is to conceal their own learning process. Practically, they lecture as 
if they had always fully mastered the subject of their course; they act as if 
they never had to experience what their students are going through. The stu- 
dents, of course, know better, but rare arc those who dare ask to the expert 
how he or she learned what he or she knows. Fortunately, the situation is 



'There are however exceptions to tins general tendency. In the field of the history of higher 
education, for example, experts and beginners alike are referred to, and refer to each other, 
as students of hifiher education. The kinship that this creates greatly facilitates the sharing of 
tips on learning. 
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quite different when the written materials used in class are copies of recently 
published articles. The more recent the articles, the more blatantly clear it 
becomes to the students that the instructor is just another student like them- 
selves: it would be futile of him or her to pretend having always known some- 
thing that only a few weeks or months prior to the lecture was considered 
original and novel enough to be published in a scientific journal. Obviously, 
he or she had to do some work on the articles on his or her own in order 
to comprehend their content. Realizing this, some students feel much freer 
to ask direct questions to the instructor about his or her learning process, 
and to try to benefit from his or her experience. This questioning, however, 
often occurs informally after class or during casual meetings outside the class- 
room. To allow the largest possible number of students to take advantage 
of the answers to these questions, it seems preferable for the instructor to 
be quite explibit about his or her own learning and to volunteer information 
about it during the lectures. This is the option I have adopted. After I have 
introduced a particular theory (e.g., fractal theory or the theory or stochas- 
tic processes), of which I propose to illustrate applications, I interrupt for 
a few minutes the natural flow of the lectures and try to explain to the stu- 
dents in detail the process I have used to learn about this theory. More spe- 
cifically, I describe (and bring to the classroom) the various references and 
written resources I have consulted during my learning, I explain what led 
me to these particular references and 1 try to be honest about the difficulties 
I may have encountered in obtaining from them the needed information. 

The last aspect of the formal lectures that may be worth mentioning 
is the fact that students are not examined directly on the material presented 
in the classroom. At the beginning of the semester, the students receive an 
extensive list of references, as well as a suggested schedule for the readings, 
but 1 make clear to them that they should expect no weekly homeworks, no 
mid-terms and no final exam on the content of the lectures. This is due to 
the fact that, as was mentioned earlier, one of the primary objectives of the 
lectures is to encourage the students to develop a conceptual framework of 
the subset of soil physics dealt with in the course. To check that the students 
are moving along toward that objective, or at least are establishing a strong 
scaffolding that in due time will allow them to construct such a framework, 
homeworks, mid-terms and finals are possible options. However, since in 
parallel with the formal lectures, 1 meet with each of the students individu- 
ally for an hour every week, I have a unique opportunity to assess the stu- 
dent's progress more clearly and more continuously during the semester. In 
addition, and most importantly, I can actively involve the student in the 
process, so that this assessment progressively oecomes guided or assisted self- 
assessment on his or her part. This is described in more detail in the follow- 
ing subsection. 

Tutorials: Philosophy and Method 

In spite of all our efforts to make them nontraditional in a number of 
ways and, in particular, to make them convey information about the learn- 
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ing process of the instructor, there is no escaping the fact that the formal 
lectures described above scarcely provide any means or incentive for the stu- 
dents to take charge of their own learning. The instructor no longer presents 
himself as an on niscient sage but he or she is nevertheless still performing 
in front of the students. The latter are free to, and often do, choose to re- 
main entirel/ passive if they are so inclined. 

For thi'i reason, the formal lectures are not the central component of 
the graduate soil physics course. They only serve to set the stage for the in- 
dividual weekly tutorial sessions, in which much of the active learning and 
most of the metalearning occur. The general objective of these tutorials is 
to place the students in a situation they will face routinely during their profes- 
sional career: they are confronted with a scientific article or a book chapter 
that they have never seen before and that covers an area of direct interest 
to them. The role of the instructor during the tutorials is to help the students 
cope with the learning challenge this new material represents for them. The 
tutorials last » 1 h and take place in a room where the instructor and the 
student run little risk of interruption. 

To avoid the monotony that would result from always working on the 
same narrow topic for 15 wk, we select three different articles or book chap- 
ters of a length typical of journals like the So/7 Science Society of America 
Journal, Water Resources Research, or Soil Science, and we devote succes- 
sively five weeks to each of them. Choosing appropriate articles is a critical 
step. I have found that applied soil physics articles, e.g., on practical aspects 
of soil tillage or erosion, are in general of little value as a starting point for 
tutorial sequences. Indeed, except for a few routine statistical techniques, 
these articles require little prior knowledge, tend to be self-contained and 
present no serious learning challenge to graduate students. At the other end 
of the spectrum, some articles (e.g., Sposito, 1982; Maneval et al., 1990) re- 
quire so much background knowledge in physics or mathematics that it would 
be difficult for most students to master their content within the time frame 
of a tutorial sequence. The instructor therefore has to make sure that the 
articles that are selected within this wide spectrum have a manageable, but 
sufficient, number of theoretical prerequisites and will take roughly 5 wk 
for the students to handle. Of course, what may be appropriate for one stu- 
dent, e.g., with a good grasp of physics, may not be so for another. 

Ideally, one would want to leave the students entirely free to decide which 
articles they will use for the tutorials; however, for reasons that were just 
outlined, it is important for the instructor to retain some control over the 
selection of these articles. In the last few years, I have tried to strike a com- 
promise, whereby the instructor selects the article for the first tutorial se- 
quence and then gives incrementally increasing freedom to the students to 
select the second and third articles. By the time the third article has to be 
chosen (during the ninth week of the semester), the students can generally 
estimate accurately the difficulties involved in particular scientific articles 
and they can choose adequate ones with little input from the instructor. 

The last time the graduate soil physics course was offered, I assigned 
to all the students, for the first tutorial sequence, the third section of Bab- 
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cock's (1963, p. 471-480) seminal paper. This section deals with the theory 
developed by Gouy (1910) for the distribution of ions in the vicinity of 
electrostatically-charged planar particles. What makes Babcock's (1963) 
mathematical description particularly well suited to serve as a basis for a 
tutorial sequence is the fact that it has a manageable number (6) of implicit 
but easily identifiable prerequisites. For example, Babcock (1963) assumes 
that the readers are familiar with the physical meaning of the Poisson and 
Boltzmann equations, and he makes no references to books or treatises where 
the assumptions embodied in these equations are analyzed in detail. The stu- 
dents enrolled in the course did not experience any significant problem iden- 
tifying these and other prerequisites as potential obstacles for a complete 
understanding of the material covered in the text. 

In each of the three tutorial sequences, I encourage the students to pro- 
ceed step by step through the following program or list of activities that results 
from a careful analysis of my own autodidactic learning projects and from 
discussions with students over the years. 

1. Getting an overview of the article 

Read through from beginning to end and determine the objectives 
and major results of the article. What is (are) the author(s) trying 
to do? 

Read through again, but at a deeper level. Determine the aspects of 
the article that require background reading, i.e., the stumbling 
blocks. 

2. Setting goals 

Determine the level at which to read and understand the article. 
Review each of the stumbling blocks identified earlier and set learn- 
ing goals concerning each one individually. 
Write these goals down in the form of a contract for later reference. 

3. Elaborating a plan of attack 

For each of the stumbling blocks, think of ways to obtain additional 
information at a level consistent with the stated goals and locate 
appropriate sources in libraries. If necessary, seek advice and as- 
sistance from colleagues or former professors. 

4. Learning 

For each of the stumbling blocks, extract the needed information. 

5. Third complete reading and evaluation of learning 

Determine if goals have been met. If necessary, return to step 3 and 
repeat the process. 
The first step in this program is a variation of a method suggested by 
Descartes (1644) > 300 yr ago in the introduction of one oif his philosophical 
works. Descartes' description, somewhat condensed (Houle, 1964) is as fol- 
lows: **1 shall wish the reader at first to go over the whole of the book, without 
greatly straining his attention, with the view simply of knowing in general 
the matters of which 1 treat. Afterwards, if they seem to merit a more care- 
ful examination, he may read it a second time, in order to observe the con- 
nection of my reasonings, marking the places which he wishes to examine 
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further, and continuing lo read without interruption to the end. Then, if he 
takes up the book a third time. I am confident he will find a solution to most 
of the difficulties he had previously marked/* The effectiveness of Descartes* 
method has been established repeatedly by psychologists and educational the- 
orisis. McClusky (1935), for example, found that when people first skim and 
then read carefully, their total reading time is less than when they plow straight 
through the pages, expecting to get all the meaning by a single reading. 

In soil physics, unfortunately, it is rarely sufficient to read an article 
or book chapter a third time to make it suddenly become crystal clear, if 
it was not already so in earlier readings. Nevertheless, the idea of going 
through a text in successive waves is one that I have found very valuable 
in the individual tutorials. Of particular importance is the point where the 
reader is ''marking the places which he wishes to examine further.'* In the 
tutorials, I refer to these as stumbling blocks. In most cases in soil physics 
articles, they are caused by reference to mathematical or physical theories 
v/ith which the reader is not sufficiently familiar. They may also be due to 
shortcuts taken by the authors in mathematical derivations or proofs of 
theorems. Finally, they may be related to the principles and limitations of 
particular measurement methods (e.g., magnetic resonance imaging, neutron 
scattering, or confocal laser microscopy) with which the reader is not suffi- 
ciently acquainted. In all cases, they would represent obstacles for a thorough 
understanding of the article or book chapter that one is trying to read. Be- 
ing able to identify these stumbling blocks is crucial to becoming efficient 
self-directed learners or autodidacts. 

In the tutorials, each student is asked to come to the first meeting of 
each sequence with a list of the stumbling blocks he or she has identified 
in the article chosen for that sequence. Through discussion with the student, 
the instructor tries to establish whether the list is complete or whether the 
student has missed a number of stumbling blocks. If it is conducted tactful- 
ly enough, so that the student does not feel submitted to an oral examina- 
tion, this discussion can provide a lot of information on the ability of the 
student to diagnose accurately his or her learning needs. This is particularly 
important during the first tutorial of the semester, where the instructor should 
try to get a good feel for the level of readiness of students for self-directed 
learning. If the assessment of this initial level of readiness is not done ac- 
curately, there may be a serious mismatch between the role taken initially 
by the instructor and the learning stage of the students. Some of the problems 
that may result from such mismatches have been analyzed, e.g., by Candy 
(1991, p. 410) and Grow (1991a, b). 

In preparation for the second tutorial, each student is asked to think 
carefully about learning goals. Some students are initially puzzled or discon- 
certed by this assignment. They have for the most part never been acquaint- 
ed with the idea of formulating clear goals about topics they know little or 
nothing about, and at first this may appear like a daunting task. In this 
respect. Candy (1991) notes that "there is a paradox relating to the notion 
of learners setting their own goals and making reasoned choices from among 
alternatives.** Lawson (1979) goes even further: **What has not yet been 
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learned is not yet known, and the potential learners can only at best dimly 
perceive what they want to know more about/' Fortunately, the situation 
facing scientists is seldom as gloomy as that and students during the tutori- 
als usually realize quickly that Candy's (1991) paradox is, in their case, only 
apparent. Indeed the stumbling blocks that they have by then identified in 
the article or book chapter they are studying provide a list of potential learning 
objectives. 

For each one of these stumbling blocks, each student is confronted with 
a v;ide array of alternative choices, ranging from not doing anything at all 
(i.e., leaving the stumbling block untouched) to consulting an authoritative 
treatise on the topic. Which option is eventually selected must depend on 
what the student wants to get out of the article, i.e., at what depth he or 
she intends to read it. This concept of learning (or reading) depth has been 
recognized by many educational theorists (e.g., Houle, 1964; HSyrynen and 
HSyrynen» 1980; Candy, 1991) who usually distinguish between surface-level 
and deep-level learning. Surface-level learning of an article like Babcock's 
(1963) may be adequate for a student who wants to know the rudiments of 
Gouy's theory in order to, e.g., understand qualitatively how salts affect the 
hydraulic conductivity of soils. On the other hand, deep-level learning of 
the same article would be desirable for a student who, e.g., wants to under- 
stand the intricacies of the current debate on the mechanisms of clay swell- 
ing (e.g., Baveye & McBride, 1994). Obviously, the specific learning goals 
for each of the stumbling blocks in the first case will be very different than 
in the second; however, once the student has decided on a targeted depth 
of learning for the article as a whole, these goals can be set rather easily. 
Some of them, when they are eventually written down in the form of a con- 
tract, sound like weather forecasts (e.g., shallow-to-moderate or moderate- 
to-deep level) but they carry enough information to enable the student to 
elaborate a strategy or plan of attack (Step 3 in the above program). 

This third step also takes place normally during the week preceding the 
second tutorial. For each of the stumbling blocks, the student is encouraged 
to locate and obtain information at a level consistent with the correspond- 
ing learning goal. In this process, he or she does not have to work in isola- 
tion: he or she can seek assistance from colleagues, professors, friends or, 
last but not least, reference librarians (e.g., Penland & Mathai, 1978, Chap- 
ter 2). From these various people, the student may sometimes obtain direct- 
ly the information needed. For example, if a stumbling block is related to 
a given shortcut in a mathematical derivation, someone may be patient enough 
to sit down with the student and solve the problem. Often, however, the best 
the student can hope to get from conversations with others is pointers to 
the relevant literature. Whether or not he or she first use human resources, 
! encourage the student to think carefully about each learning goal before 
dashing to the library and starting to browse haphazardly through the stacks. 
Usually, the targeted learning levels will indicate a reasonable starting point 
in the search. For example, a student seeking a superficial understanding of 
the Boltzmann equation may want first to consult a freshman physics text- 
book or a scientific encyclopedia. Contrastedly, a student intending to get 
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a very good grasp of the assumptions embodied in this same equation should 
probably direct his or her attention immediately to the statistical mechanics 
literature. 

When the learning goals have been clearly formulated and a strategy 
has been elaborated, the time has come to learn, i.e. extract the information 
from the selected references and digest it. This process takes place during 
the following 2 wk in each tutorial sequence. The role of the instructor is 
to help the students keep their direction, use libraries efficiently, avoid un- 
necessary aimless wandering in the literature and use appropriate reading' 
styles. This latter point is sometimes a bit obscure to students. Just as there 
are various possible learning depths, there are different reading styles. Houle 
(1964) has described a number of them, including "reading to get the cen- 
tral idea", ''reading for mastery of content,*' and ''reading to discover a 
fact or facts". The first two styles are used in Descartes' approach, men- 
tioned above. Students should be encouraged to adopt the third style, which 
is a kind of skimming, whenever they need specific information on a given, 
narrow topic. This seems like a simple enough thing to do, by using the ta- 
ble of contents or the subject index of the books one wants to consult, without 
having to read them from A to Z. There are, however, surprising numbers 
of students who cannot manage it properly, claiming that they have to be- 
come thoroughly familiar with the nomenclature and symbols used by an 
author before they can extract the information they need. Coaching by the 
instructor is necessary in some cases to overcome this difficulty. 

The instructor can also provide valuable help, at least in the first few- 
tutorials, by "encouraging learners to attribute success to their own ability 
(hence encouraging an optimistic prognosis) but failure to a lack of effort 
(which the learner can do something about)" (Biggs, 1987). This type of feed- 
back on the students* performance may sound a little paternalistic but one 
has to remember that, for the most part, the students are mapping what is 
for them entirely new territory. The risk that they loose faith in their abili- 
ties is sometimes very high, at least in the initial phases of the process, and 
a bit of motivational drill does not hurt. 

The last step in the above program takes place during the fifth week 
of each tutorial sequence. It consists of the ultimate, thorough reading of 
the article or book chapter being studied in the sequence, and the final self- 
assessment of learning. This latter part is often by far the most difficult of 
the whole exercise, largely because the notion that they can evaluate their 
own learning has been educated out of many graduate students: they have 
been conditioned to think of learning solely as an achievement-oriented 
activity (Candy, 1991) in response to norms and requirements set by others. 
During the first tutorial sequence, it is frequent for students to come up with 
a very superficial assessment of their completion of the original contract. 
In these cases* a little probing by the instructor is necessary to make the evalu- 
ation more thorough. This has to be done carefully because some students 
resent this probing and see in it a disguised form of oral examination with 
no prior notice. The instructor also wants to avoid giving the impression to 
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the students that he or she is trying to impose on them a particular pattern 
of self-assessment and his or her set of criteria. This would only lead to 
achievement-orien(ed self-assessment, which would be of little value to the 
students. By about the tenth week, I have found usually that this probing 
by the instructor becomes less and less necessary. 

In the above description of the tutorials, the role I have envisioned for 
the instructor is initially a very active one: he or she selects the material to 
be studied in the first 5-wk sequence and intervenes frequently in the course 
of the tutorials to put the students back on the right track, if necessary. For 
the experience to be successful, however, each student should eventually get 
to the point, at the end of the semester, where he or she feels totally in charge 
of his or her own learning: the instructor should by then have become a mere 
helper, watching the student from the sidelines and trying to interfere as lit- 
tle as possible with his or her learning. This critical transition from teacher 
to helper is illustrated masterfully by VirgiPs guidance of Dante through Hell 
to Heaven in Dante's Divine Comedy (Dante, 1961; Daloz, 1986) and has 
been studied in detail in the literature on self-directed learning where its im- 
portance has been emphasized time and again. Candy (1991), for example, 
refers to the need for a ^^progressive devolution of control to the learners." 
Pratt (1988) talks about a sort of staged withdrawal in terms of both sup- 
port and direction as the learner becomes more accomplished in the domain 
and more confident of his or her own abilities.. My experience in trying to 
implement such a staged withdrawal in the 15 wk timeframe of the graduate 
course indicates that the pattern of control devolution should be different 
for each student, in particular because each of them starts off with a differ- 
ent level of self-directedness and, often, very different forms of inhibition. 

As presented above, the five-step program for the tutorials appears 
linear, following closely the pattern described by Knowles (Fig. 15-4). This 
is in apparent contradiction with the conclusions reached in the review sec- 
tion above, where the largely serendipitous, nonalgorithmic nature of auto- 
didactic projects was highlighted. In fact, this program is followed rigidly 
only during the first tutorial sequence, where the students already have a 
large number of new concepts to assimilate and where I feel that it is good 
for them to acquire a certain learning discipline, i.e., learn an efficient metho- 
dology to learn autonomously. In the second and third tutorial sequences, 
1 encourage them to take progressively more and more distance with the above 
program, while stressing that they should do so only when they feel, after 
reflection, that there is something to be ultimately gained by it. For exam- 
ple, if a given stumbling block in an article reveals itself much more compli- 
cated to resolve than was anticipated during the goal-setting step, the related 
goal may be somewhat adjusted during the learning phase.On the other hand, 
the learning step may reveal an aspect of the theory that was neglected or 
not covered appropriately by the author(s) of the article or book chapter un- 
der study. This may suggest another goal that should be added to the now 
evolving contract. 
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Difficulties with the Approach 

In experimenting since 1985 with the course format described above, 
I have identified a number of difficulties, none really insurmountable, but 
of which the instructor has to be keenly aware if he or she wants the course 
to be successful. 

The first of these difficulties is related to the grading of the course. I 
have found this to be a very difficult issue and I do not feel that it has been 
resolved satisfactorily. Some institutions of higher education, like the Johns 
Hopkins University, allow only pass/fail grades in graduate courses. When 
given the choice, however, students prefer to choose a letter grade option, 
on the grounds that it looks better on their transcripts. I have found this 
to be the case for most of the students who took my graduate soil physics 
course over the years. Even though virtually all of them had a very high moti- 
vation level and performed very well, the responsibility for the instructor 
to decide whether a ^iven student receives a B or a C at the end of the semester 
is somewhat conflicting with the idea of putting the students in charge of 
their own learning. In the last couple of years, I have attempted as much 
as possible to involve the students in the process of awarding the final grade. 
During the last tutorial of the semester, I ask each student to give an assess- 
ment of his or her performance in the course. 1 then discuss this self- 
assessment with them and try to come to an agreement. The range of grades, 
from B to A + , has been so far narrow enough that agreements have rarely 
been hard to reach; however, this may not always be the case. 

The second difficulty, already mentioned earlier, is the high demand 
on the instructor's time. Compared with a conventional course on the same 
topic, the proposed format requires on average an additional hour and a half 
per student per week. This includes the individual tutorial session itself (1 
h) and the prior preparation by the instructor. As long as research produc- 
tivity remains the key criterion for tenure, promotion, and pay raises, this 
increased time demand will probably be viewed by many as a luxury they 
cannot afford. I have found that, however, in many cases, the tutorial ses- 
sions are a learning experience as much for the instructor as for the student. 
During the preparation of the tutorials, the instructor indeed has to read ar- 
ticles in more detail than he or she probably would at other times. This makes 
the instructor more aware of work done by others in his or her field of speciali- 
vation and in the long run, may make him or her a better researcher. In ad- 
dition, students often come up with very original ways of looking at particular 
pieces of research, from which the instructor may also greatly benefit. In 
cases where time is an insurmountable constraint, it is possible to envisage 
some modifications of the format of the tutorials. The first sequence (first 
5 \\k) conki for example be deindividuali/cd, since all the students arc con- 
Fronted with the same material. 7 he resulting group-tutorials would then be 
very similar to the skill-practice exercises advocated by Knowles (1990, p. 
130); however, because students evolve at different paces (Fig. 15-5), this 
approach has obvious shortcomings and extending it to all tutorials is not 
recommended. 
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Another difficulty with the proposed approach is for the instructor to 
resist being drawn in as a conventional lecturer during the individual tutori- 
als. Students sometimes look pathetically helpless during their weekly meet- 
ing with the instructor and the temptation is then very strong for the latter 
to assume his or her traditional role and to give a formal lecture to the stu- 
dent. This of course defeats the purpose of the tutorials and has to be avoid- 
ed as much as possible; it is preferable to spend an hour with the student 
discussing the problems he or she is experiencing than to provide, predigest- 
cd, the needed information. 

One of the key difficulties with the approach described above is related 
to the response of the students. Most of them enjoy very much the tutorials, 
and, in general, the whole structure of the course. For example, one student 
commented that the course was **the most challenging one he had ever taken.'' 
On the other hand, a small number of students dislike the course and feel 
that it would be much easier for them to learn within a traditional format. 
One such student, for example, commented that he would have preferred 
the tutorial sessions to be rea/ tutorials (i.e., individualized instruction rather 
than exercises in self-directon). Every time I taught the course described 
above, there was a demurring student like this in the class (out of 5 to 7 stu- 
dents). Every one of these students wrote a negative evaluation of the course 
at the end of the semester. In colleges and universities where evaluations of 
courses by students are given significant weight in decision processes con- 
cerning, e.g., tenure, promotion, or pay raises, very unfavorable evaluations 
may have serious repercussions for the instructor. Many administrators, for- 
tunately, are far-seeing enough to appreciate the fact that, to be at all 
meaningful, evaluations of a course like the one described above should really 
take place 5 to 10 yr after the students have taken the course, 

More serious is the risk that, in the long run, students who feel confi- 
dent only when they are being spoon-fed by a teacher, and who therefore 
would probably benefit most from the individual tutorials, will shy away from 
the course and will enroll in alternative offerings with a more traditional for- 
mat. This risk may be partially alleviated by trying in informal discussions 
over lunch or coffee to make one*s colleagues aware of the autodidactic na- 
ture of most of their learning. If they themselves become convinced of the 
usefulness of a course that attempts to foster autodidactic competence, it 
is likely that they will strongly advise their graduate students to enroll in the 
course. 

Encouraging students to take charge of their own learning may be a laud- 
able objective; however, when it is pursued in formal institutions where the 
merits of autodidaxy are not always recognized, there is a definite risk of 
transforming the students into misfits, ill-adapted to the constraints and re- 
quirements of the system. Some of the students who took the graduate course 
described above and who, by the end of the term, had developed confidence 
in themselves as independent learners, indeed seemed to have difficulties af- 
terwards to comply with the teachers* requirements in other courses or to 
take for granted the teachers' viewpoints. They had apparently developed 
a **tastc for more contror' (Campbell & Chapman, 1967) of their learning 
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and were reluctant to relinquish this control, even temporarily, to others. 
One possible way out of this difficulty is to spend some time, during the last 
tutorial of the semester, discussing with the students about ways to channel 
their independence in personal learning projects, parallel to the courses they 
arc required to take. 



DISCUSSION AND PERSPECTIVES 

As every educator knows, each time a course is taught both its format 
and content evolve. The graduate course described above is no exception. 
Since 1985, the format of the lectures and, particularly, that of the individu- 
al weekly tutorials has changed appreciably. This trend will undoubtedly con- 
tinue in the future. 

A likely innovation that I shall introduce the next time the course is 
offered (in the spring of 1994) is to encourage the students to read thoroughly 
the present chapter before the beginning of the semester. Instead of a gener- 
al introduction to the educational theories of self-direction in learning, the 
first class meeting of the semester will then consist of an open discussion 
session. Another direction that 1 shall pursue is to ask the students to keep 
a detailed diary of the learning activities they carry out in conjunction with 
the tutorials. In this diary, they will be encouraged to describe step by step 
their learning process, to mention explicitly the human or written sources 
thc\ consult, to write any comment they may have, and to express their frus- 
tration if they feel like it. Examples of observational diaries, like those ex- 
cerpted by Kasworm (1983), will be provided to the students to give them 
an idea of what is expected of them. These diaries will be used in the guided 
self-evaluation during the last session of each tutorial sequence and may serve 
eventually, in the years to come, in the context of a scientific analysis of the 
tutorial format . A last change that I shall introduce will be to encourage the 
students during the semester to summarize schematically their own evolving 
concept of the general framework of the equilibrium physics of soils. A par- 
ticularly useful tool to achieve this is the so-called concept-mapping of Novak 
and Gowin (1984); boxes serve to visualize the various elements and sub- 
components of a given field of knowledge, while arrows indicate the inter- 
relationships between these elements. 

A criticism that can be, and probably will be raised against the course 
format described above is that, as Gruber (1965) puts it forcefully, **there 
is little reason to believe that a single brief experience with self-directed study 
in an educational atmosphere fundamentally hostile to intellectual indepen- 
dence will produce attitudinal changes of great longevity.'' This very sound 
criticism has already been briefly alluded to in earlier sections. At present, 
there are unfortunately no quantitative data of any kind that would allow 
me to answer it directly with regard to the course format described above. 
Such data could be obtained by comparing students' pre- and postgain scores 
on the SDLRS or on the OCLI, following Kasworm (1983). This approach 
would be very easy to carry out; however, its results may not be particularly 
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useful in the sense that gains on either the SDLRS or the OCLI would only 
indicate increases in perceived readiness for self-directed learning, which may 
or may not be well correlated to actual readiness for autodidactic learning. 
One approach that I have not yet explored and which may help to avoid this 
shortcoming would be to arrange for independent researchers to ask some 
of the soil scientists who took the graduate course in the past to keep a detailed 
diary of some of their current autodidactic learning activities. Analysis of 
these diaries may yield useful information on whether the course has had 
any lasting influence on the methodologies used by these autodidacts in their 
learning endeavors. 

A possible variation on the same criticism is that if I am convinced that 
formal lectures and individual tutorials can have a profound influence on 
the readiness of soil scientists for autodidactic learning, the approach I pro- 
pose is too little, too late. Indeed, the graduate students who enroll in my 
graduate soil physics course are usually within a year or two from the end 
of their program. Efforts to make them become efficient self-directed learn- 
ers should start much earlier than when they are about to leave the universi- 
ty, and should last much more than just a semester. One way to reply to 
this comment is to argue that under present conditions in many U.S. univer- 
sities, soil science graduate students are generally poorly prepared to func- 
tion autonomously as learners. Therefore any attempt, even feeble and late, 
to improve the situation is better than not doing anything at all. It is clear, 
however, that in the long run, the course format described above is not the 
optimal solution and that the preparation of soil science students for their 
lifelong learning has to start much earlier than at the very end of their doc- 
toral studies. From this viewpoint, 1 expect that the new paradigm described 
in the present chapter will be relatively short-lived and that, in the not too 
distant future, students will be introduced to the concept and practice of self- 
directed learning as soon as they get to the university. A pioneering, but so 
far unique, example of this approach is the undergraduate program of the 
Hawkesbury Agricultural College in Richmond (New South Wales, Austra- 
lia) whose curriculum was explicitly designed to promote autonomy in learning 
(see, e.g., Bawden& Valentine, 1984; Bawden, 1988). Programs of this type 
may themselves be only transitions towards a more advanced schooling sys- 
tem where traditional classroom teachers would have no place and where, 
from kindergarten onward, education would be inspired by the definition 
given to it by the Irish poet William Yeats: **not the filling of a vessel, but 
the lighting of a fire". Until this ideal educational system becomes reality, 
all or part of the (admittedly imperfect) paradigm described in the present 
chapter may be of some help in preparing graduate students for the type of 
learning that awaits them once they leave the university environment. 
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